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PREFACE 


Following  the  usual  custom  iu  a few  prefatory  remarks, 
not  that  they  are  ever  read,  the  author  would  take  this  op- 
portunity of  saying  that  in  preparing  this  volume  he  has  had 
in  mind  the  busy  life  of  the  dentist  and  the  aim  has  been 
to  present  the  subject  in  the  most  tangible  manner.  Up  to 
this  time  there  is  no  single  work  to  which  the  dentist  might 
refer  for  information  upon  the  electrical  questions  with 
which  he  has  to  deal,  without  going  over  much  that  is  foreign 
to  the  subject.  To  this  end  many  personal  experiments 
have  been  performed,  in  some  cases  to  verify  certain  exist- 
ing opinions,  and  in  others  to  adapt  some  appliance  to  the 
dentist’s  use.  An  independent  plant  was  established  for  two 
purposes;  one  for  the  carrying  out  of  the  necessary  experi- 
ments, and  the  other  for  the  purpose  of  determining  the 
feasibility,  and  the  requirements  that  would  be  necessary  for 
the  establishing  of  an  independent  plant  for  the  dentist  who 
has  not  access  to  a commercial  current. 

The  author  does  not  presume  to  present  anything  new 
upon  the  fundamental  subjects,  the  nature  of  electricity, 
magnetism,  etc.,  but  rather  in  as  concise  a manner  as  possible 
to  put  them  before  the  reader  as  a resume.  All  technical 
terms  are  avoided  save  a few  without  which  even  a cursory 
study  of  electricity  would  be  wanting.  L.  E.  C. 

Dayton,  Ohio. 
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INTRODUCTION 


Electricity  in  Dental  Practice. 

No  profession  or  art  has  such  varied  demands  for  its 
successful  practice  as  dentistry,  and  no  sing'le  agent  meets 
more  of  these  requirements  than  electricity  as  at  present 
developed. 

In  the  past  the  only  practicable  applications  of  electricity 
were  such  as  could  be  derived  from  battery  power,  but  the 
output  of  the  battery  as  a source  of  electric  energy  was  so 
small  as  compared  with  its  bulk  that  even  the  space  it 
occupied  was  no  small  consideration.  The  care  necessary  to 
keep  it  in  good  working  order  was  a burden,  and  the  great 
complication  of  the  parts  made  electricity  a formidable  and 
uncertain  agent.  On  this  account,  if  the  dentist  used  elec- 
tricity at  all,  his  battery  consisted  of  but  a few  cells,  and 
he  was  content  to  use  only  such  instruments  as  required 
but  little  electric  energy  to  operate  them.  In  fact  the  first 
applications  of  electricity  were  in  the  form  of  light  power 
such  as  would  operate  the  armature  in  the  shocking  machine 
or,  later  on,  the  electric  mallet,  cauteiy,  and  mouth  lamp. 
Although  the  battery,  as  a source  of  electric  energy,  was 
practical  and  successful  in  the  hands  of  a few  who  under- 
stood it,  it  has  not  proven  so  in  the  hands  of  the  majority, 
and  this  has  cast  a shadow  upon  the  advent  of  commercial 
electricity  as  supplied  to  us  at  this  day.  Many,  no  doubt, 
have  hesitated  to  install  modern  electricity  in  their  practice 
for  no  other  reason  than  that  it  has  not  been  a brilliant 
success  as  supplied  by  the  battery  power  of  the  past.  But 
the  beginner  should  bear  in  mind  that  he  lias  no  longer  to 
do  with  the  making  of  the  energy,  but  with  the  use  of  it  as 
furnished  to  him  by  two  or  three  wires.  The  generating  of 
commercial  electricity  has  become  an  industry  engaged  in  by 
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corporations  and  companies  for  the  supply  of  cities  and 
towns,  and  the  operation  of  an  electric  plant  on  a small  scale 
has  been  made  so  simple  that  many  public  buildings,  hotels, 
and  private  residences  operate  their  own. 

While  we  cannot  yet  say  with  certainty  what  electricity  is, 
it  has  been  found,  however,  to  produce  results  as  accurate 
as  those  obtained  by  the  application  of  a rule  in  mathematics, 
and  when  it  is  propei’ly  understood  it  can  be  depended  upon. 
A given  current  forced  through  a known  conductor  under  a 
given  pressure  always  produces  the  same  amount  of  magnet- 
ism in  an  iron  core,  the  same  rise  in  temperature  in  the  con- 
ductor, or  deposits  the  same  quantity  of  a metal  from  its 
solution.  A current  of  7.4.6  amperes  flowing  under  one  hun- 
dred volts’  pressure  is  a force  equal  to  one  horse-power.  The 
heat  produced  by  burning  a given  quantity  of  ethyl  alcohol 
can  be  quite  closely  calculated,  but  not  so  easily  or  accurately 
as  the  heat  produced  by  electrically  heating  a conductor.  It 
is  possible  for  the  electrician  to  figure  with  pencil  and  paper 
beforehand  the  exact  amount  of  heat  that  will  be  produced 
by  the  various  arrangements  of  quantity,  pressure,  and  re- 
sistance; or,  a given  current,  it  has  been  found,  will  deposit 
a given  quantity  of  metal  from  its  solution  in  a certain  time. 
One  ampere  will  deposit  4.024  grammes  of  silver  in  one 
hour. 

These  results  always  follow  the  operations  of  electrical 
energy  and  are  so  accurate  and  ever  present  that  they  are 
made  the  basis  for  the  measurement  of  electricity.  The 
different  forms  of  the  voltmeter,  ammeter,  and  wattmeter  are 
constructed  so  as  to  operate  under  one  of  these  laws,  or  a 
combination  of  them.  In  the  electro-magnetic  meter  the 
current  is  measured  by  the  electro-magnetic  effects:  in  the 
electro-thermal  meter,  by  the  increase  in  the  temperature  of 
a resistance  through  which  the  current  passes,  or  by  the 
evaporation  of  a liquid  heated  by  the  current;  or  in  the 
electro-chemical,  by  the  electrolysis  of  the  solution  of  a me- 
tallic salt,  the  deposit  being  weighed. 


INTRODUCTION 


IX 


Nearly  all  operations  in  dental  practice  require  the  utmost 
accuracy  in  the  application  of  energy  whether  in  the  form 
of  power,  heat,  light,  or  chemism,  and  as  seen  from  the 
foregoing,  the  principal  of  the  characteristics  of  electricity 
is  the  identity  of  its  operations  under  like  conditions.  Not 
only  that,  but  the  perfection  and  ease  with  which  its  action 
may  be  regulated  or  varied  for  different  degrees  of  intensity 
are  important  considerations.  The  speed  for  revolving  the 
bur,  the  heat  for  the  dessication  of  dentine,  for  softening 
gutta-percha,  for  annealing  gold,  or  for  fusing  porcelain 
should  be  easily  varied  to  suit  each  case  at  hand.  These 
conditions  are  not  always  alike,  and  electricity  obeys  the 
throw  of  the  rheostat  lever  so  accurately  that,  as  if  by  magic, 
the  will  of  the  operator  is  felt  at  the  instrument  under  opera- 
tion. After  a little  experience,  his  control  over  each  appli- 
ance through  the  rheostat  becomes  almost  automatic.  The 
pianist  in  reading  a piece  of  music,  does  not  think  of  the 
movement  of  each  of  her  fingers  as  they  glide  over  the  finger- 
board, or  of  the  management  of  the  pedals  with  her  feet,  and 
so  it  is  in  the  manipulation  of  a well-constructed  electrical 
instrument.  There  is  no  effort  at  calculating  how  a certain 
thing  is  to  be  accomplished,  but  quite  involuntarily  the  men- 
tal image  of  what  is  to  be  done  is  transformed  into  the  deed 
itself.  The  electric  dental  engine  as  perfected  to-day  in- 
creases or  decreases  its  speed,  stops  or  reverses  at  the  touch 
of  the  operator,  and  all  this  is  so  easily  done  that  after  a 
little  use  it  requires  no  great  effort  on  his  part.  The  men- 
tal routine  ceases  and  the  control  becomes  automatic.  The 
attention  of  the  operator,  instead  of  being  divided  between 
instrument  and  operation,  is  now  concentrated  upon  the 
latter. 

The  pressure  of  commercial  current  as  used  for  incandes- 
cent lighting  is  practically  steady  so  that  each  contact  but- 
ton of  the  rheostat  always  gives  the  same  rate  of  speed  to 
the  engine,  or  the  same  heat  to  the  heating  appliances,  and 
by  a glance  at  the  rffeostat  the  rate  of  current  flow  is  noted. 
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Or,  a predetermined  requirement  of  energy  for  a given 
purpose  or  instrument  can  always  be  accurately  obtained 
thereafter  by  using  the  same  contact  button.  The  flow  of 
water  from  a faucet  or  of  gas  from  a burner  cannot  be 
more  accurately  regulated  than  a current  of  electricity  by 
means  of  the  rheostat.  The  great  variety  of  appliances  that 
can  be  made  for  modifying  the  transit  of  the  electric  cur- 
rent, the  accuracy  of  their  gradations  and  perfection  of  con- 
trol at  once  make  it  possible  to  use  the  same  current  for  the 
heaviest  motor  work  or  the  most  delicate  cataphoresis.  No 
energy  at  our  command  has  such  a wide  range  of  action  and 
is  at  the  same  time  so  easily  and  accurately  regulated  as 
electricity. 

The  cleanliness  of  electricity  is  another  prominent  char- 
acteristic, and  this  is  especially  desirable  in  dental  practice. 
The  older  forms  of  power,  except  foot-power,  when  used  at 
all,  were  obtained  by  the  combustion  of  oil  or  gas,  or  by 
the  use  of  a water-motor.  While  the  gas-engines  were  gen- 
erally satisfactory,  the  odor  of  the  oil  or  gas  would  in  time 
fill  the  apartment,  and  the  complication  of  parts  was  some- 
times a source  of  trouble.  The  water-motor  was  cleaner 
but  water-power  was  not  always  available.  The  one  thing 
prominent  in  the  use  of  electric  energy  is  the  cleanliness  that 
may  be  preserved  in  whatever  form  it  is  used.  Wherever 
there  is  friction  in  machinery  there  must  be  a lubricant, 
and  wherever  there  are  many  moving  parts  the  difficulty  of 
preserving  cleanliness  is  often  serious.  In  the  electric  mo- 
tor the  two  bearings  of  the  armature  shaft  are  the  only 
parts  that  require  oil,  and,  since  the  motion  here  is  rotary, 
there  is  little  danger  of  the  oil  being  thrown  about.  In  well- 
constructed  motors  the  bearings  are  not  only  continuously 
oiled  either  by  a revolving  ring  or  by  a wick,  but  the  whole 
bearing  is  so  constructed  that  the  surplus  oil  finds  its  way 
into  a drip-cup.  An  eighth  horse-power  motor  can  be  placed 
at  any  convenient  point  about  the  chair  without  any  danger 
of  soiling  the  immediate  objects. 
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The  electric  light  has  advantages  over  other  forms.  It, 
too,  is  without  dirt  or  odor.  The  atmosphere  is  not  robbed 
of  its  oxygen,  nor  is  it  vitiated  by  the  products  of  combus- 
tion. A small  light  can  be  enclosed  within  the  mouth  with- 
out discomfort,  or  a large  one  may  be  poised  in  any  desired 
position  about  the  chair.  The  heat  radiated  from  the  in- 
candescent bulb  is  not  enough  to  set  fire  to  objects  with  which 
it  may  come  in  contact,  so  that  it  can  often  be  used  where  a 
gas  or  oil  flame  would  not  be  permissible. 

While  the  cleanliness  of  electrical  heat  would  alone  recom- 
mend it  for  use  in  the  dental  office,  there  are  some  processes 
in  dental  practice  to  which  electrical  heat  by  its  purity  and 
wide  range  is  especially  adapted,  as  for  instance,  its  purity 
for  annealing  gold,  or  fusing  porcelain,  or  its  wide  range, 
from  the  softening  of  gutta-percha  or  warming  water,  to  the 
melting  of  porcelain  and  platinum.  Pure  heat  is  of  solar 
origin,  and  yet  when  heat  is  produced  by  electrically  heat- 
ing a conductor  which  does  not  oxidize , or  undergo  any 
change,  as  is  the  case  with  one  constructed  of  platinum  or 
iridium,  it  is  practically  pure.  It  is  without  gas  or 
odor  and  can  be  easily  regulated.  The  range  of  electrical 
heat  depends  upon  the  manner  in  which  it  is  produced.  If  it 
is  produced  by  the  resistance  of  the  conductor,  then  the 
highest  limit  of  the  heat  will  be  the  melting-point  of  that 
conductor.  If  platinum  or  iridium  be  used  as  the  conductor 
the  range  of  heat  will  be  between  zero  and  the  melting-points 
of  these  metals,  or  about  three  thousand  six  hundred  degrees. 
If  it  is  the  heat  of  the  arc  it  will  be  nearly  six  thousand 
degrees  Fahr.  While  the  latter  is  the  most  intense  heat  that 
man  can  produce,  it  can  at  the  same  time  be  manipulated 
between  the  two  hands  of  the  operator  without  inconvenience 
or  danger  to  life,  again  illustrating  the  fitness  of  electricity 
for  dental  practice. 

A feature  characteristic  of  electric  energy  is  the  very  small 
amount  of  noise  in  its  operations.  As  a matter  of  fact,  there 
is  no  noise  in  any  operation  of  electricity  itself  when  prop- 
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erly  used  except  the  arc  tone  or  the  sharp  report  following 
a voltaic  discharge.  The  sputtering  of  the  arc  light  is  due  to 
bad  carbons  or  imperfect  adjustments,  and  the  noise  of  the 
motor  is  due  more  often  to  badly  shaped  armatures  and  poor 
adjustment  of  the  brushes  than  to  the  flow  of  the  current. 
These  are  the  faults  of  the  instruments  themselves  and  not 
of  the  energy  which  operates  them.  But  even  a bad  electric- 
motor  produces  no  more  noise  than  the  very  best  water-motor 
of  the  same  horse-power.  The  engines  operated  by  gas,  oil, 
or  steam  are  ordinarily  reciprocating  engines;  and  wherever 
there  is  a change  in  the  direction  of  the  movement  of  any 
mass  of  metal,  as  there  is  in  the  pistons  and  valves  of  these 
engines,  vibrations  will  be  set  up  in  the  whole  machine  and 
in  adjoining  objects  which  produce  the  noise  and  jar  char- 
acteristic of  these  engines'.  With  the  electric-motor,  how- 
ever, the  motion  is  rotary,  and  the  only  sound  from  a good 
instrument  is  the  hum  produced  by  the  air  friction  of  the 
armature,  or  perhaps  the  friction  of  the  brushes  upon  the 
commutator.  The  noise  of  the  electric  mallet  is  due  to  the 
weighted  armature  coming  abruptly  against  hard  substances 
in  either  direction  of  its  swing.  But  since  the  force  of  each 
blow  depends  upon  the  sudden  impact  of  one  moving  mass 
against  another,  the  sound  thereby  produced  will  always 
be  present.  It  is  in  the  nature  of  things. 

The  other  operations  of  electric  energy  are  without  any 
audible  sound.  An  oven  may  be  heated  to  the  melting 
point  of  platinum  and  there  may  be  a horse-power  of  energy 
in  operation,  but  it  cannot  be  heard.  The  incandescent  light 
glows  and  all  galvanic  processes  go  on  without  sound. 

When  the  dental  office  is  equipped  with  commercial  elec- 
tricity as  at  present  supplied,  the  current  becomes  as  reliable 
as  the  water  or  gas,  and  the  dentist  is  relieved  of  much 
care.  Then,  too,  the  instruments  for  using  the  current  are 
highly  perfected.  The  current  is  supplied  at  a given  pres- 
sure which  is  maintained  at  all  times  with  wonderful  accu- 
racy. The  instruments  using  it  are  made  to  operate  with 
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this  pressure  just  as  a gas-burner  for  gas,  or  a water-motor 
for  water.  With  an  electric  system  operating  at  one  hundred 
and  ten  volts’  pressure,  a lamp  when  burning  plainly  shows  a 
departure  of  five  volts  in  either  way  from  the  standard.  For 
this  reason  the  operator  need  not  at  any  time  be  concerned 
about  the  working  of  his  electrical  instruments  when  they  are 
used  upon  the  current  for  which  they  are  intended.  Flis  sup- 
ply is  always  uniform,  and  he  needs  only  see  that  the  connec- 
tions are  properly  made.  The  electric  light  requires  no  care 
to  keep  it  in  order,  and  the  motor  needs  only  to  be  kept  clean 
and  oiled  occasionally.  The  heating  appliances  require  no 
especial  attention  and  the  other  operations  of  electricity  go 
on  with  like  freedom  from  care  on  the  part  of  the  operator. 

Another  feature  which  commends  the  use  of  electricity 
in  dental  practice  is  the  flexibility  of  the  system.  Wherever 
water  is  used  in  an  office  it  is  necessary  to  convey  it  by  a 
system  of  piping.  This  not  only  necessitates  lifting  the 
floors  or  plastering,  but  the  danger  of  leaks  occurring  at 
points  difficult  of  access  is  always  present.  Any  additional 
fixtures  require  great  expense  and  discomfort  if  the  pipes  are 
concealed.  The  same  that  is  said  of  water  piping  applies 
also  to  gas-fixtures. 

If  water  is  used  for  power,  the  customary  method  of  trans- 
mitting the  power  from  the  motor  to  the  lathes  is  by  a sys- 
tem of  shafting,  so  that  it  is  not  easy  to  extend  it  to  adjoining 
rooms,  or  to  any  great  distance.  When  a single  motor  is 
used  for  all  pui’poses  as  is  generally  the  case  where  water- 
power is  used,  it  is  often  necessary  to  set  the  whole  line  of 
shafting  in  operation  for  the  smallest  as  well  as  the  largest 
piece  of  work.  With  the  electric  system,  however,  it  is  quite 
different.  Any  change  or  extension  of  the  electric  wiring  of 
the  apartment  is  much  more  easily  made  than  in  the  case  of 
pipes.  Instead  of  lifting  the  floors  and  plastering  for  this 
purpose,  the  wires  can  often  be  laid  or  pushed  through  be- 
tween the  floors  or  walls.  The  manufacturers  have  produced 
so  many  convenient  appliances  for  outside  or  open  wiring 
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that  it  is  not  always  necessary  to  conceal  the  wires.  They 
have  also  simplified  matters  by  the  use  of  the  flexible  cord 
so  that  a motor,  lamp,  or  any  instrument  or  appliance  can 
be  quickly  attached  to  a fixture  and  placed  at  will.  The 
electric  fan  can  be  attached  to  a lamp  socket  and'  placed 
in  any  suitable  position  with  no  further  trouble  than  that 
of  screwing  in  the  plug'.  For  lathe  work,  instead  of  hav- 
ing one  large  motor,  as  is  necessary  when  using  water- 
power  or  the  gas-engine,  several  motors  may  be  used,  each  one 
adapted  and  belted  for  the  particular  use  for  which  it  is 
intended.  Thus  one  for  grinding  and  polishing  in  the 
laboratory,  one  for  condensing  air,  and  one  for  the  operating 
chair  is  a luxury  not  realized  from  any  other  form  of  power. 

For  a time  after  the  introduction  of  electricity,  there 
were  many  death  accidents  from  this  agent.  This  has  led  to 
the  belief  that  the  dentist  would  endanger  his  life  by  using 
electricity  in  any  other  form  than  that  for  which  it  is  com- 
monly used, — light  and  power.  But  he  should  bear  in  mind 
that  all  the  practical  uses  to  which  he  can  put  it  do  not 
require  a high  voltage,  and  the  currents  ordinarily  employed 
for  incandescent  lighting  meet  every  requirement.  The 
pressure  of  these  currents  does  not  exceed  two  hundred  and 
twenty  volts,  and  while  some  persons,  under  favorable  condi- 
tions might  be  unpleasantly  shocked  by  this  current  it  is  not 
regarded  as  a dangerous  one.  But  a current  of  two  hundred 
and  twenty  volts  is  not  ordinarily  used  for  lighting.  In 
the  three-wire  system  it  can  be  obtained  by  connecting  the 
outer  wires,  but  the  lamps  are  usually  placed  between  one 
of  the  outer  wires  and  the  middle  wire  which  gives  but  half 
of  two  hundred  and  twenty,  or  one  hundred  and  ten  volts. 
In  the  ordinary  wiring  of  buildings  it  would  be  by  accident 
entirely,  that  a person  would  make  eoTitaet  between  the 
outer  wires  and  receive  two  hundred  and  twenty  volts.  When 
the  alternating  current  is  used  the  voltage  is  often  as  low  as 
forty-eight. 

Currents  of  over  two  hundred  and  twenty  volts’  pressure 
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are  not  only  dangerous  to  life,  but  they  possess  no  practical 
value  over  lower  voltage  currents  for  dental  purposes.  The 
five  hundred  volt  current  may  be  used  for  power,  light,  or 
heat,  where  the  lower  pressure  currents  are  not  available, 
but  this  is  regarded  a dangerous  current  since  there  have 
been  deaths  from  it  under  favorable  conditions,  and  the 
dentist  should  protect  himself  by  means  of  automatic  appli- 
ances which  make  it  an  impossibility  to  get  the  full  current 
strength  through  thoughtlessness  on  his  part. 
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CHAPTER  I. 

Nature  of  Electricity. 

There  is  no  generally  accepted  theory  as  to  the  na- 
ture of  electricity.  By  some  it  is  regarded  as  a prop- 
erty of  all  matter,  some  have  thought  it  to  be  vibratory 
molecular  motion,  some  a fluid,  some  two  fluids,  some 
a motion  in  the  ether,  and  some  the  ether  itself.  We 
can  only  study  it  comparatively.  The  resemblance  of 
its  phenomena  to  those  of  heat  and  light  place  it  in  that 
class  of  energy.  Heat,  light,  and  electricity  may  be 
derived  from  friction,  from  chemical  action,  from  mag- 
netic action,  and  from  the  sun.  Heat  produces  elec- 
tricity, and  electricity  produces  heat.  If  the  junction 
of  a thermopile  be  heated  a difference  of  potential  will 
be  established ; or,  if  a current  is  passed  through  the 
couplet  the  junction  will  become  heated.  A crystal  of 
tourmaline  and  many  other  crystalline  bodies  when 
heated  at  one  end  show  a difference  of  potential.  Elec- 
tricity also  produces  light  and  will  neutralize  the  polar- 
izing effect  of  light.  Hence,  from  the  facts  Avell  known 
as  to  the  nature  of  heat  and  light  and  their  reciprocal 
action  with  electricity,  we  may  infer  many  of  the  facts 
in  regard  to  the  nature  of  electricity. 

2 17 
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Heat  and  light  are  each  regarded  as  a mode  of  molecu- 
lar motion,  and  while  electrical  phenomena  are  of 
greater  variety  and  oftentimes  present  themselves  in 
complicated  forms,  yet  all  these  when  simplified  and 
understood  show  that  the  electrical  phenomena  are  due 
to  a molecular  energy  not  unlike  heat  and  light. 

Ileat  was  shown  by  Davy  to  be  a form  of  motion  in 
matter  and  has  been  so  accepted.  This  motion  has 
been  further  shown  to  be  vibratory.  Heat  is  trans- 
mitted through  substances  by  conduction.  In  this  the 
molecules  are  set  into  vibrations  according  to  the  degree 
of  heat,  and  those  substances  whose  molecules  can  most 
easily  and  quickly  assume  this  molecular  agitation  are 
called  good  conductors  and  those  which  do  not  possess 
this  property  are  called  poor  conductors.  It  would  be 
fair  to  suppose  that,  if,  as  a rule,  all  those  substances 
which  are  conductors  of  heat  are  found  to  be  conduc- 
tors of  electricity  in  a similar  degree,  the  two  energiz- 
ing forces,  heat  and  electricity,  would  be  very  similar 
forms  of  motion.  And  so  it  is  found ; the  degree  of 
conductivity  for  heat  and  electricity  is  nearly  the  same 
in  the  same  substances.  A good  conductor  of  heat  is 
also  a good  conductor  of  electricity,  and  a poor  conduc- 
tor of  heat  is  also  a poor  conductor  of  electricity.  This 
remarkable  fact  is  shown  in  the  table  on  the  following 
page  by  Wiedmann  and  Franz,  and  it  will  be  observed 
upon  an  inspection  of  the  two  columns  that  there  are 
three  metals,  silver,  german  silver,  and  bismuth,  whose 
conductivity  of  heat  and  electricity  is  precisely  the 


same. 
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The  two  columns  are  so  nearly  alike  that  it  cannot 
be  regarded  simply  as  a coincidence,  and  we  are  war- 
ranted in  ascribing  a similarity  to  the  two,  and  in  as- 
suming that  electricity  traverses  these  substances  by  a 
mode  of  motion  not  unlike  that  of  heat. 


Heat 

Electric 

Substance. 

Conductivity. 

Conductivity. 

Silver 

100 

100 

Copper 

74 

73 

Gold 

53 

59 

Brass 

24 

22 

Tin 

15 

23 

Iron 

12 

13 

Lead 

9 

11 

Platinum 

8 

10 

German  Silver 

6 

6 

Bismuth 

2 

2 

Light  was  shown  by  Fizeau  to  be  a form  of  motion 
in  ether,  and  this  form  of  motion  has  been  supposed  to 
be  undulatory.  It  is  propagated  through  the  ether  in 
waves  similar  to  the  movement  of  a taut  rope  when 
struck.  Light  will  produce  electricity  and  electricity 
will  produce  light.  A clean  metallic  plate  will  become 
electrified  when  light  falls  upon  it ; or  if  the  two  elec- 
trodes of  a selenium  cell  be  unequally  illuminated,  a 
difference  of  potential  will  be  produced. 

This  reciprocal  action  between  electricity,  heat,  and 
light  is  almost  conclusive  proof  of  the  theory  that  elec- 
tricitv  is  a mode  of  motion  similar  to  heat  and  light. 

•J  O 

In  the  various  applications  of  electricity,  such  as  the 
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telegraph,  the  telephone,  electroplating,  and  in  the  oper- 
ation of  machinery  by  the  electric  motor,  it  is  called  the 
electric  current.  We  imply  that  the  electricity  is  flow- 
ing and  we,  in  a measure,  think  of  it  independently  of 
its  conductor.  But,  as  a matter  of  fact,  we  are  not  sure 
of.  the  direction  in  which  it  flows,  or  whether  or  not  it 
flows  at  all.  Many  phenomena,  however,  indicate  that 
it  has  motion,  and  it  is  generally  so  regarded.  In  elec- 
trolysis there  is  a transfer  of  molecules  and  atoms,  and 
in  the  electric  arc  we  have  a phenomenon  which  very 
clearly  shows  that  it  travels  from  one  pole  to  the  other. 


VARIETIES  OE  ELECTRIC  CURRENTS. 

Electric  currents  may  be  divided  into  four  general 
classes:  the  continuous  current,  pulsating  current,  inter- 
rupted current,  and  alternating  current. 


100 

50 
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Fig.  I.— Continuous  Current. 


The  continuous  current  is  one  in  which  the  electricity 
is  presumed  to  flow  in  one  direction  at  a uniform  rate. 
In  this  the  pressure  is  very  evenly  maintained. 
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The  most  regular  continuous  current  is  supplied  by 
the  thermopile,  the  voltaic  and  storage  cells.  The  con- 
tinuous-current dynamo  as  at  present  perfected  also  sup- 
plies a practically  steady  continuous  current.  This 
current  is  especially  adapted  for  electrolytic  and  cata- 
phoric work.  In  electrolysis  the  object  is  to  decompose 
the  electrolyte  and  separate  the  elements  according  to 
their  electric  affinity,  the  electro-positive  element  or  ele- 
ments being  found  at  the  negative  pole  and  the  electro- 
negative at  the  positive  pole.  If  the  current  were  alter- 
nating, the  poles  of  the  electrode  would  be  constantly 
changing  so  that  there  would  be  alternate  deposition  and 
solution  of  the  elements  of  the  electrolyte,  and  conse- 


quently no  permanent  deposition  of  any  element.  In 
cataphoresis  the  object  is  to  project  an  agent  into  under- 
lying tissue.  Since  the  agent  is  carried  in  with  the 
current,  it  is  apparent  that  the  current  must  always 
flow  in  that  direction.  The  amount  which  would  be 
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deposited  by  the  current  flowing  in  one  direction  would 
be  carried  out  upon  its  reversal,  if  an  alternating  cur- 
rent were  used. 

The  pulsating  current  flows  in  one  direction  at  all 
times  but  at  a variable  pressure.  This  current  is  pro- 
duced by  nearly  all  dynamo-electric  machines. 

In  some  cases  the  pulsations  are  so  slight  that  their 
effect  is  scarcely  noticeable  when  the  current  is  used 
for  lighting  or  plating.  Such  a current  may  be  re- 
garded as  practically  continuous,  but  when  used  in 


Fig.  3.—  Interrupted  Current. 

electro-therapeutics  or  for  cataphoresis  the  puk  itions 
are  sometimes  quite  noticeable. 

The  interrupted  current  is  one  which  flows  in  one 
direction  when  in  motion  but  which  is  completely  ai-- 
rested  at  frequently  recurring  intervals. 

The  continuous  current  flows  at  the  same  rate  at  all 
times,  and  the  pulsating  current  flows  at  an  uneven  rate. 
In  neither  case  does  the  flow  stop,  but  the  interrupted 
current  is  completely  stopped  or  arrested.  This  cur- 
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rent  is  used  in  telegraphy  and  in  electrotherapeutics 
under  the  name  of  Faradic  current  and  is  the  one  used 
in  shocking  machines. 

The  alternating  current  is  one  in  which  the  electricity 
flows  alternately  in  one  direction  and  then  in  the  other. 


Here  we  have  not  only  a break  in  the  flow  of  the  current, 
but  a flow  in  the  opposite  direction. 

The  alternating  current  is  very  useful  from  the  fact 
that  it  can  be  transformed  and  thereby  changed  to  a 
higher  or  lower  voltage.  This  current  is  principally 
used  for  lighting  and  power. 
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In  classifying  electric  currents  into  these  four  vari- 
eties, it  should  not  be  inferred  that  every  electrical  im- 
pulse or  current  would  give  a curve  like  one  or  the  other 
of  these  if  diagrammatically  represented.  There  are 
some  currents  which  partake  of  the  nature  of  two  to 
such  an  extent  that  if  diagrammed  it  would  he  difficult 
to  determine  to  which  class  they  belong.  Then  again, 
as  an  illustration,  an  alternating  current  may  he  so 
smooth  in  its  reversals  that  it  will  give  quite  a different 
effect  from  that  of  a commercial  alternating  current 
when  used  in  electrotherapeutics.  Such  a current  is 
technically  known  as  a sinusoidal  current.  This  is  an 
alternating  current,  and  yet  its  change  of  direction  is  so 
smoothly  accomplished  that  it  possesses  a property  of 
distinct  value  in  electrotherapeutics. 


CHAPTER  II. 

Electrical  Terms. 

Electricity  lias  a nomenclature  peculiar  to  itself, 
and  it  differs  from  most  sciences  in  that  its  terms  are 
nearly  all  derived  from  proper  names;  or,  in  other 
words,  the  name  of  the  person  who  discovered  a certain 
law  in  electricity  is  used  as  the  electrical  term  for  that 
law.  The  term  “volt,”  the  unit  of  electromotive  force, 
wras  named  after  Alexander  Volta,  who  invented  the 
voltaic  pile.  The  ampere,  the  unit  of  electric  current, 
was  named  after  Ampere,  the  French  physicist.  The 
ohm,  the  unit  of  electric  resistance,  takes  its  name  from 
Dr.  George  Ohm,  who  published  the  .well-known  law 
that  bears  his  name.  And  so  with  many  others.  The 
watt,  the  farad,  the  joule,  or  the  coulomb  are  all  de- 
rived from  proper  names. 

POTENTIAL. 

The  term  potential  is  a relative  one  and  is  used  to 
denote  the  capacity  for  doing  work.  Electric  potential 
can  be  best  understood  if  we  compare  it  with  water. 
Water  flows  through  a pipe  because  one  end  of  the  pipe 
is  lower  than  the  other,  and  by  the  laws  of  hydrostatics, 
work  will  be  done  according  to  the  quantity  of  water 
and  the  difference  of  elevation  between  the  upper  and 
lower  levels.  Electric  potential  may  be  said  to  be  elec- 
tric level,  and  in  the  same  way  we  may  consider  electric 
potential  to  be  the  ability  to  do  work.  The  work  done 
depends  upon  the  quantity  of  electricity  and  the  differ- 
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ence  of  potential.  When  water  flows  straight  down 
from  the  higher  to'the  lower  level,  the  full  pressure  may 
be  utilized  at  the  opening,  but  if  the  water  passes 
through  a great  length  of  pipe,  then  there  is  a loss  due 
to  friction.  This  is  diagrammatically  shown  in  Fig.  5. 


Fig.  5. — Hydraulic  Gradient. 


The  quantity  of  water  that  flows  through  a pipe  is 
the  same  at  all  places  in  the  pipe,  but  the  pipe  offers 
more  or  less  resistance,  and  at  points  distant  from  the 
source  the  pressure  is  less  than  at  points  on  tire  same 
level  near  the  source.  This  difference  of  pressure  is 
due  to  the  friction  of  the  pipe  and  is  analogous  to  the 
resistance  of  electrical  conductors.  The  pressure  per 
square  inch  in  the  pipe  decreases  proportionately  to  the 
distance  from  the  source.  If  the  opening  B in  Fig.  5 
be  closed  the  water  will  rise  to  the  same  level  in  the 
tubes  C,  D,  E,  and  F.  But  if  B be  opened  then  the 
water  in  the  tubes  will  assume  various  levels  as  repre- 
sented. The  pressure  from  the  tank  A is  felt  more  at 
C than  at  F and  for  that  reason  the  water  assumes  dif- 
ferent levels.  If  a'  line  be  drawn  from  A to  B it  will 
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point.  When  an  opening  is  made  at  B the  pressure  in 
pipe  F is  greater  than  through  the  supply-pipe  at  B,  be- 
cause of  the  distance  from  the  source.  The  water  in 
pipe  F,  therefore,  quickly  drops  to  a point  where  it  is 
balanced  by  the  pressure  in  the  supply  pipe. 

In  like  manner  we  may  consider  electricity.  The 
dynamo  raises  the  potential  to  a given  level,  and  if  the 
current  flows  back  to  the  dynamo  through  a short  and 


Fig.  G.— Fall  of  Electrical  Potential. 

thick  conductor  the  full  potential  is  operative,  but  if 
the  current  be  lead  through  a great  length  of  wire,  the 
difference  of  potential  is  less  than  through  a short  wire. 
The  working  capacity  is  greatest  at  the  dynamo  because 
the  greatest  difference  in  potential  exists  at  that  point, 
and  there  is  a decrease  of  potential  proportionate  to  the 
distance  from  the  dynamo.  The  fall  of  electrical  po- 
tential is  shown  in  Fig.  6.  The  dynamo  creates 
potential  the  pressure  of  which  is  represented  by  the 
vertical  line  at  A.  If  A and  G were  connected  by  a 
short  piece  of  stout  wire  the  full  pressure  would  lie  felt, 
but  if  tbe  current  is  caused  to  travel  to  B and  then  re- 
turn, the  potential  at  various  distances  from  the  dynamo 
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would  be  represented  by  the  vertical  lines,  C,  D,  E, 
and  E.  There  is  a continual  drop  in  the  potential 
which  is  proportionate  to  the  distance  from  the  dynamo. 

This,  like  the  loss  of  pressure  in  water,  is  due  to 
resistance.  In  the  case  of  water  it  is  due  to  the  resist- 
ance of  the  pipe  and  in  the  case  of  electricity  it  is  due  to 
resistance  of  the  wire. 

All  electrical  phenomena  are  due  to  difference  in  po- 
tential, and  the  movement  from  a higher  to  a lower,  or 
the  neutralizing  of  the  positive  and  the  negative  if  you 
will,  represents  electricity  at  work.  The  motor  runs, 
or  the  electrolyte  is  decomposed  by  the  difference  of 
potential  existing  at  the  extremities  of  the  conductor 
and  the  effort  of  this  difference  to  become  balanced. 

THE  VOLT. 

The  action  of  the  dynamo,  the  battery,  or  the  ther- 
mopile is  to  create  a difference  of  potential,  so  that 
if  a path  is  made  for  the  current  to  traverse,  it  will  do 
work  or  overcome  resistance,  and  will  flow  from  the 
higher  to  the  lower  according  to  the  pressure.  Xow 
the  pressure  which  this  difference  of  potential  produces, 
or  the  tension  which  the  current  is  under  in  its  strained 
condition,  or  the  capacity  of  the  fluid  for  overcoming 
resistance,  if  you  will,  is  the  volt. 

This  term  is  analogous  to  the  term  “pressure”  in 
hydrostatics.  In  fact,  the  flow  of  water  in  a pipe,  and 
electricity  in  a conductor  are  so  nearly  alike  in  their 
various  laws  and  phenomena  that  the  term  “pressure” 
which  more  properly  applies  to  the  water,  is  of ‘on  used 
instead  of  the  word  “volt”  in  electricity.  We  speak 
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of  52  volts,  110  volts,  or  500  volts  just  as  we  would 
of  water  under  say,  52,  110,  or  500  pounds’  pressure. 
Fifty-two  volts  will  carry  a given  current  through  ten 
feet  of  wire,  or  fifty-two  pounds’  pressure  will  lift 
water  to  a height  of  ninety-seven  feet ; but  one  hundred 
and  four  volts  will  carry  the  same  current  through 
twice  that  length  of  wire.  It  requires  about  forty-five 
volts  to  maintain  the  arc  in  the  arc-light  and  for  every 
lamp  added  there  must  be  an  increase  of  forty-five  volts. 
It  requires  less  wire  to  go  from  one  lamp  to  the  other 
successively  than  it  does  to  run  separate  wires  from  the 
dynamo  to  each  lamp,  so  that  as  a matter  of  economy 
it  is  usual  to  connect  these  lamps  in  series,  beginning  at 
the  dynamo,  running  through  fifty  or  one  hundred  arc 
lamps  successively,  and  returning  to  the  dynamo.  Now 
since  it  requires  forty-five  volts  to  jump  the  arc  in  one 
lamp,  if  there  are  fifty  lamps  on  the  circuit  it  would 
require  50  times  45,  or  2,250  volts  to  maintain  the  arcs 
of  a fifty-lamp  circuit.  1 To  this  must  be  added  the  volt- 
age necessary  to  overcome  the  resistance  of  the  wire  from 
lamp  to  lamp,  the  total  of  which  is  from  fifty  to  two 
hundred  volts  according  to  the  size  and  length  of  the 
conducting  wire.  The  Edison  current  is  usually  oper- 
ated at  one  hundred  and  ten  volts’  pressure^  This  will 
bring  to  full  candle  power  a carbon  filament  five  one- 
thousandths  of  an  inch  in  diameter  and  six  inches  in 
length,  but  a current  of  five  hundred  and  fifty  volts 
which  is  sometimes  used  on  street  railways  will  bring 
to  full  candle  power  five  such  lamps  if  placed  in  series, 
one  after  the  other.  In  the  latter  case  thirty  inches  of 
filament  are  brought  to  incandescence  because  the  cur- 
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rent  of  live  hundred  and  fifty  volts  can  overcome  five 
times  the  resistance  that  can  be  overcome  by  one  hundred 
and  'ten  volts. 

A difference  of  potential  being  created  by  a battery  or 
dynamo,  the  current  is  carried  or  propelled  through 
a conductor  by  a pressure  which,  as  stated,  is  termed 
the  volt.  Where  this  is  considered  in  relation 
to  current  and  resistance  it  is  the  active  force,  ( some- 
times called  electromotive  force  and  abbreviated  E. 
M.  F.,)  the  current  is  the  active  agent,  and  the  resist- 
ance is  the  object  or  part  acted  upon.  The  relation  of 
voltage  to  current  and  resistance  is  alwavs  constant. 
This  discovery  was  made  by  Doctor  Ohm  in  1827  and 
has  since  been  known  as  Ohm’s  law.  It  is  expressed  as 
follows:  The  current  strength  in  any  circuit  is  equal 

to  the  electromotive  force  divided  by  the  resistance. 

E 

This  is  usually  written : C = — 

R 

In  this  formula,  C represents  the  current  strength 
in  amperes,  E the  electromotive  force  in  volts,  and  R 
the  resistance  in  ohms.  By  substituting  the  name  for 

the  abbreviation  we  have:  The  amperes=— 7 

the  resistance. 

The  equation  may  be  transposed  so  as  to  give  us  the. 
value  of  the  volt  in  relation  to  current  and  resistance 
and  Avhen  so  transposed  would  read : E = C X R. 

If  we  know  the  values  of  C and  R.  that  of  E can  be 
easily  found.  Thus,  if  a current  of  ten  amperes  is 
flowing  through  a resistance  of  eleven  ohms  the  equa- 
tion would  read : E = 10  X 11  =110. 

This  is  the  number  of  volts  which  would  be  required 
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to  force  ten  amperes  through  eleven  ohms’  resistance. 
Or,  it  may  be  required  to  tind  the  electromotive  force 
of  a battery  whose  internal  resistance  is  two  ohms  and 
which  gives  a current  of  three  amperes  through  a con- 
ductor of  two  ohms’  resistance. 

The  solution,  following  the  equation  E = C x R, 
would  be : E = 3 X 2 -f  2,  or  8 volts. 

And  so  we  mav  go  on  indefinitely.  The  laws  of  cur- 
rent  flow  are  always  the  same,  and  again  and  again 
through  seventy  years  the  law  laid  down  by  Ohm  has 
been  verified. 

THE  AMPERE. 

A current  of  electricity  possesses  a difference  of  vol- 
ume as  well  as  a difference  of  pressure.  There  may  be 
a current  scarcely  measurable  with  the  most  delicate 
instruments,  or  there  may  be  one  sufficient  to  melt  an 
iron  rod  a foot  in  thickness  and  both  be  under  the  same 
pressure.  When  a stream  of  water  flows  from  a pipe  it 
is  easy  to  mentally  measure  its  volume.  This  is  be- 
cause we  can  see  the  water  and  are  familiar  with  its 
common  properties.  It  is  something  which  is  tangible 
to  our  senses.  But  with  electricitv  which  we  cannot 
see,  and  which  under  some  conditions  we  cannot  feel, 
and  which  does  not  emit  odor  or  produce  sound,  it 
is  quite  different.  All  electrical  phenomena  take  place 
without  the  agent’s  disclosing  its  identity.  All  we  see 
is  the  results  of  an  active,  invisible,  and  imponderable 
energy.  Tt  is  for  this  reason  that  it  is  difficult  to  com- 
prehend that  electricity  possesses  a volume  or  quantity 
of  current  to  that  extent  that  it  is  measurable.  But 
intangible  as  this  agent  is,  it  operates  in  currents  which 
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vary  in  volume  as  much  as  a stream  of  water  or  gas,  and 
the  term  used  in  electricity  for  describing  the  strength 
or  volume  of  current  flowing  is  the  ampere. 

We  speak  of  an  ampere  of  current  just  as  we  would 
speak  of  gas  or  water  flowing  from  an  opening.  A gas 
tip  is  called  a two  or  four-foot  burner,  in  just  the 
same  sense  as  we  would  speak  of  a two-ampere  incandes- 
cent lamp,  and  the  candle  power  of  either  light  is  in- 
creased in  precisely  the  same  way. 

By  increasing  the  pressure  upon  the  gasometer  the 
quantity  of  gas  escaping  from  the  tip  is  increased  and 
in  like  manner  by  increasing  the  voltage  or  pressure 
of  the  current  the  amperes  flowing  through  the  filament 
are  also  increased.  A sixteen  candle-power  lamp  re- 
quires about  half  an  ampere  at  one  hundred  and  ten 
volts’  pressure  to  bring  it  to  full  candle  power,  while  a 
thirty-two  candle-power  lamp  having  a larger  filament 
requires  twice  that,  or  one  ampere. 

The  ampere  might  be  said  to  be  the  active  agent 
in  electricity.  It  is  the  working  principle.  It  is  that 
which  produces  heat,  electrolysis,  and  magnetism.  We 
may  sav  it  is  electricity  itself  and  not  be  in  error.  It 
is  present  in  all  manifestations. 

The  ampere  is  of  no  value,  however,  unless  it  is  in 
motion,  and  the  measure  of  that  force  which  puts  it 
in  motion  is,  as  has  been  stated,  the  volt.  The  dynamo 
at  the  power-house  is  forcing  the  amperes  in  the  con- 
ductors under  one  hundred  and  ten  volts’  pressure. 
During  the  passage  of  the  amperes  of  current  through 
the  carbon  filament, the  latter  is  heated  to  incandescence; 
the  volts  are  active  at  the  dynamo  and  the  amperes  at 
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the  filament.  There  can  be  no  electrical  work  done 
without  the  ampere.  It  may  be  that  less  than  a thou- 
sandth of  an  ampere  is  needed  in  dentine  cataphoresis, 
yet  it  is  upon  the  current  in  parts  of  an  ampere  that 
cataphoresis  depends.  There  may  be  a thousand  volts 
between  tbe  poles  but  if  the  resistance  is  so  great  that 
no  current  in  amperes  can  flow,  nothing  will  be  accom- 
plished. Tesla  has  shown  that  a person  can  receive 
fifty  thousand  volts  with  no  inconvenience.  That  is  be- 
cause the  ampere  strength  of  that  current  is  so  infinitely 
small.  A person  may  touch  a trolley  wire  with  the  tip 
of  his  finger  if  it  is  dry,  and  not  be  injured  by  the  cur- 
rent, because  while  the  five  hundred  volts  may  be  opera- 
tive, the  resistance  of  th'e  dry  epithelium  is  so  great 
that  scarcely  any  current  in  amperes  can  be  carried 
with  the  high  voltage.  In  an  electrocution  there  must 
not  only  be  volts  to  overcome  the  resistance  of  the  hu- 
man body  and  carry  the  amperes  through  it,  but  there 
must  be  enough  current  in  amperes  to  produce  the  elec- 
trolytic and  paralyzing  effect. 

The  heating  of  all  conductors  in  electric-heating  ap- 
pliances, or  the  quantity  of  metal  deposited  from  a solu- 
tion depends  entirely  upon  the  current  in  amperes. 
The  volt  is  only  the  agent  which  keeps  the  amperes  in 
action.  In  electric  heat  a certain  number  of  amperes 
gives  the  proper  temperature  in  a wire  of  a given  size ; 
the  volts  have  only  to  do  with  forcing  the  amperes 
through  various  lengths  of  that  wire.  In  a plating  bath 
the  electrodes  of  which  require  four  volts  to  carry  the 
current  across,  the  number  of  amperes  will  be  increased 
as  the  size  of  the  article  to  be  plated  is  increased. 
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The  electric  equation  for  the  amperes  is : 


In  this  C represents  the  current  in  amperes,  E,  the 
electromotive  force  in  volts,  and  R the  resistance  in 
ohms. 

A lamp  the  resistance  of  whose  filament  is  fifty-five 
ohms  is  operated  upon  the  one  hundred  and  ten  volt 
current  and  it  is  required  to  ascertain  the  current  con- 
sumed. The  equation  would  then  read : 

n no  9 

C - - —2  amperes, 

oo 

I am  making  an  ammeter  and  am  ready  to  mark  off 
the  scale  of  readings.  I have  a batterv  which  gives 

O O o 

just  thirty  volts’  pressure  and  three  minature  lamps  of 
two  ohms’s  resistance  each  with  which  to  get  the  mark- 
ings on  my  scale.  The  resistance  of  the  connecting 
wires  being  negligible,  what  amperes  would  I get  ? 

By  placing  the  three  lamps  in  series  with  the  battery 
and  meter  our  equation  would  read : 


C 


30 


2 + 2 + 


- 5. 


The  point  reached  by  the  ammeter  index  would  then 
be  marked  5. 

By  taking  out  one  of  the  lamps  the  equation  would 
read : 


C = 


30 


2 + 


= 74. 


The  index  would  swing  to  a point  which  we  would 
then  mark  74. 

When  the  second  lamp  is  taken  which  leaves  one  re- 
maining the  equation  would  read: 
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c = 25  = 15. 


Our  third  position  would  then  be  marked  15.  And 
now  having  the  0,  5,  7^,  and  15  ampere  points  definitely 
fixed,  it  is  an  easy  matter  to  divide  off  the  scale  into  finer 
readings. 

THE  OHM. 


When  water  flows  from  a tank  it  meets  with  resist- 
ance of  two  kinds,  due  to  the  size  of  the  pipe  and  the 
friction  upon  its  walls,  which  determine  the  quantity 
that  will  flow  under  a given  pressure.  In  like  manner 
we  may  consider  the  flow  of  electricity.  The  water  is 
first  raised  to  a given  height  in  the  vessel  which  is  an- 
alogous to  the  dynamo  or  battery  creating  potential.  It 
then  flows  through  the  pipe  at  a rate  and  quantity  pro- 
portionate to  the  height  of  the  water  in  the  tank,  the 
size  of  the  opening,  and  the  length  and  condition  of  the 
pipe  leading  from  the  vessel.  If  there  was  no  bottom 
in  the  vessel,  the  water  would  run  out  as  fast  as  it  runs 
in,  and  so  it  would  he  if  a dynamo  or  battery  were  short- 
circuited  through  a very  large  conductor.  But  let  the 
bottom  be  closed  with  the  exception  of  a small  open- 
ing and  the  wTater  rises  to  a point  determined  by  the 
size  of  the  opening,  the  length  of  pipe  leading  from 
it  and  the  condition  of  the  inner  surface  of  the 
pipe.  That  which  opposes  the  flow  of  water  is  called 
friction  while  that  which  opposes  the  flow  of  electricity 
is  called  resistance  and  is  measured  in  ohms. 

There  is  no  perfect  conductor  of  electricity.  All  so- 
called  conductors  offer  more  or  less  resistance,  and 
while  some  substances  are  frequently  good  conductors, 
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the  metals  are  the  best.  Of  these,  silver  stands  at  one 
extreme  and  bismuth  at  the  other. 

The  table  below  gives  the  relative  resistance  of 
the  various  metals ; it  will  also  he  observed  that  the 
conductivity  is  in  a slight  degree  affected  by  the  density. 
The  condensation  of  a metal  either  by  drawing  or  hv 
rolling  decreases  the  conductivity  of  a given  cross-sec- 
tion. Silver,  when  annealed  is  the  best  metallic  con- 
ductor, yet  when  it  is  hard  drawn  its  conductive  prop- 


erty becomes  the  same  as  copper. 

Silver,  annealed 1. 

Copper,  annealed 1.06 

Silver,  hard  drawn 1.08 

Copper,  hard  drawn 1.08 

Gold,  annealed 1.36 

Gold,  hard  drawn 1.39 

Aluminum,  annealed 1.93 

Zinc,  pressed 3.71 

Platinum,  annealed 6.02 

Iron,  annealed 6.16 

Gold-silver  alloy,  (2  oz.  gold,  1 oz.  silver) 7.22 

Nickel,  annealed 8.28 

Tin,  pressed 8.78 

Lead,  pressed 13.05 

German  silver i 13.92 

Platinum-silver,  (1  oz.  platinum,  2 oz.  silver)  ...  16.21 

Antimony,  pressed 23.60 

Mercury  62.73 

Bismuth,  pressed 87.23 


The  resistance  of  all  metallic  conductors  increases 
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with,  a rise  of  temperature,  while,  as  a rule,  the  resist- 
ance of  non-metallic  conductors  is  reduced.  Carbon  aud 
water,  for  instance,  become  better  conductors  upon  being 
heated.  The  rise  of  resistance  varies  cosiderably  in  the 
different  metals,  that  is,  while  one  metal  increases  its 
resistance  but  little,  another  may  double  its  resistance 
in  rising  but  a hundred  degrees. 

The  variation  in  resistance  from  rise  of  temperature 
is  shown  in  the  following  table  by  Doctor  Mathiessen : 

Approximate  percentage  variation  in  resistance  per 


degree  C. 

Platinum-silver  alloy  (1  oz.  plat.  2 oz.  silver) 031 

German  silver 044 

Gold-silver  alloy,  (2  oz.  gold,  1 oz.  silver) 065 

Mercury 072 

Bismuth  354 

Gold  365 

Zinc  365 

Tin  365 

Silver  377 

Lead  387 

Copper  388 

Antimony 389 

Iron  5 


The  variation  in  copper  is  quite  large,  and  this  is 
especially  noticeable  in  the  operation  of  a motor  where 
it  is  allowed  to  become  heated.  Tt  may  be  carrying  a 
heavier  load  than  it  is  designed  for  and  instead  of  be- 
coming stronger  it  becomes  weaker  and  weaker,  as  it 
heats,  until  it  is  either  burned  out  or  is  materially  slack- 
ened. 
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It  will  be  seen  that  the  platinum-silver  alloy  varies 
the  least  and  next  to  that  is  german  silver.  The  ex- 
pense of  the  former  forbids  its  extensive  use,  so  that 
german  silver  is  used  almost  entirely  for  resistance 
coils.  Where  accurate  measurements  are  desired,  even 
if  the  platinum-silver  alloy  be  used  for  resistance,  the 
temperature  must  also  be  taken  into  account.  On  the 
other  hand,  the  large  variation  in  the  resistance  of  iron 
under  different  temperatures  precludes  its  use  for  rhe- 
ostats, but  this  same  property  makes  it  valuable  for 
other  uses  in  electricity. 

A third  factor  in  the  resistance  of  a conductor  is  the 
area  of  its  cross-section.  A large  conductor  offers  less 
resistance  or  has  greater  carrying  capacity  than  a small 
one.  It  does  not  matter  what  the  shape  of  the  conduc- 
tor may  be,  whether  it  is  flattened  into  a sheet,  drawn 
into  a tube,  or  is  made  into  a solid  rod,  the  conductive 
capacity  is  the  same  and  is  proportionate  to  the  cross- 
section.  It  was  once  supposed  that  an  electric  current 
flowed  upon  the  surface  of  the  conductor,  but  this  was 
* disproven  in  two  ways:  First,  the  condensation  of  a 

metal  was  found  to  increase  its  resistance  although  the 
cross-section  remained  the  same;  and  second,  the  roll- 
ing of  a rod  into  a very  thin  sheet  and  thereby  giving 
it  a many  times  larger  exposure  of  surface  does  not  in- 
crease its  carrying  capacity,  provided  the  same  cross- 
section  be  retained.  We  can,  therefore,  sum  up  the 
whole  matter  of  the  conductivity  of  metals  with  re- 
gard to  the  cross-section  of  material  in  a very  few  words 
by  saying  that  when  an  electric  current  flows  in  a me- 
tallic conductor  the  capacity  of  the  same  for  conducting 
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the  current  lies  in  the  cross-section  of  the  material  and 
not  in  any  external  form  or  appearance. 

The  following  table  gives  the  resistance  of  copper 
wire : 


RESISTANCE  OF  COPPER  WIRE. 


American  or 

Ohms 

Ohms 

Feet 

Pounds 

B.  and  S. 

Per 

Per 

per 

Per 

Wire  Gauge. 

1,000  ft. 

Pound. 

Ohm. 

Ohm. 

1 

.126 

.0005 

7892. 

1999. 

2 

.159 

.0007 

6258. 

1257. 

3 

.200 

.0012 

4963. 

790.6 

4 

.254 

.5020 

3936. 

497.2 

5 

.320 

.0031 

3121. 

312.7 

6 

.404 

.0050 

2475. 

196.7 

7 

.509 

.0080 

1963. 

123.7 

8 

.642 

.0128 

1557. 

77.79 

9 

.SK) 

.0204 

1235. 

48.92 

10 

1.021 

.0325 

979.1 

20.77 

11 

1.288 

.0516 

776.4 

19.35 

12 

1.624 

.0821 

615.7 

12.17 

13 

2.048 

.1307 

488.3 

7.653 

14 

2.582 

.2078 

387.2 

4.813 

15 

3.256 

.3304 

307.1 

3.027 

16 

4.106 

.5253 

243.5 

1.904 

17 

5.178 

.8353 

193.1 

1.197 

18 

6.529 

1.325 

153.2 

.7529 

19 

8.233 

2.112 

121.5 

.4735 

20 

10.3S 

3.358 

96.33 

.2978 

21 

13.09 

5.339 

76.39 

.1873 

22 

16.51 

8.490 

60.58 

.1178 

23 

20.82 

13.50 

48.04 

.0740 

24 

26.25 

21.47 

38.10 

.0465 

25 

33.10 

34.13 

30.21 

.0293 

26 

41.74 

54.27 

23.96 

.0184 

27 

52.63 

86.29 

19.00 

.0115 

28 

66.36 

137.2 

15.07 

.0728 

29 

83.68 

218.2 

11.95 

.0045 

30 

105.5 

346.9 

9.477 

.0028 

31 

133.1 

551.6 

7.515 

.0018 

32 

167.8 

877.1 

5.960 

.0011 

33 

211.6 

1395. 

4.727 

.0007 

34 

266.8 

2218. 

3.748 

.0004 

35 

236.4 

3526. 

2.973 

.0003 

36 

424.2 

.5607. 

2.357 

.0002 

37 

534.9 

8915. 

1.869 

.0001 

38 

674.5 

14175. 

1.483 

.00007 

39 

850.6 

22540. 

1.176 

.00004 

40 

1073. 

35341. 

.9324 

.00002 

A fourth  factor  in  resistance  is  the  length  of  the  con- 
ductor. The  resistance  increases  with  the  length.  If 
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live  feet  of  wire  one-hundredth  of  an  inch  in  diameter 
offers  ten  ohms’  resistance,  fifteen  feet  of  the  same  wire 
will  give  three  times  that  resistance,  or  thirty  ohms. 
It  is  for  this  reason  that  it  is  not  economical  to 
supply  constant-current  electricity  at  long  distances 
from  the  plant.  In  order  to  furnish  it  at  the  proper 
voltage,  the  cross-section  of  the  conductor  must  be  in- 
creased in  proportion  to  its  length.  It  requires  a Xo. 
15  copper  wire  to  conduct  current  to  fifty  lamps  fifty 
feet  distant  from  the  dynamo,  but  to  conduct  the  cur- 
rent under  the  same  voltage  to  fifty  lamps  one  thou- 
sand feet  distant,  it  requires  a Xo.  2 copper  wire  which 
is  about  twenty  times  as  large  in  cross-section  as  a Xo. 
15  wire.  From  this  it  will  he  seen  that  the  length  of 
a conductor  and  its  resistance  is  a very  important-  factor 
in  electricity. 

Relative  conductivity  per  cubic  unit: 


Metal.  Electric.  Heat. 

Silver 100.0  100.0 

Copper 94.1  74.0 

Gold ,...  73.0  54.0 

Platinum 16.6  9.4 

Tron  15.5  10.1 

Tin 11.4  15.4 

Lead 7.6  7.9 

Bismuth 1.1  l.S 


It  is  worthy  of  note  that  the  relative  conductivity  of 
electricity  and  of  heat  in  metals  is  approximately  the 
same.  This  is  shown  in  the  above  table  by  Weid- 
maiin  and  Franz. 
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Water,  when  absolutely  pure,  is  classed  as  a non- 
conductor, or  at  least  possesses  a very  high  resistance, 
but  when  exposed  to  the  air  or  acidulated,  it  becomes  a 
conductor  of  marked  capacity.  . The  resistance  of  most 
liquids,  however,  is  very  great.  Those  substances  which 
possess  this  property  in  a marked  degree  are  used  for 
insulators.  Their  resistance  is  so  high  that  it  is  ex- 
pressed in  megohms,  a million  ohms. 


Substance. 

Ice 

Water,  at  freezing  point 

Mica 

Gutta  Percha 

Vulcanite 

Paraffine 

Glass  

Air. 


Resistance  in 
Megohms. 
284. 

150. 

84. 

450. 

28,000. 

34,000. 

3,000,000. 

Infinite. 


The  electrical  formula  for  resistance  is  R =— r- 

A 

A lamp  of  sixteen  candle-power  consumes  half  an 
ampere  at  one  hundred  and  ten  volts.  Required,  the 
resistance  of  the  filament. 

R = = 220  ohms. 

.5 

A rheostat  is  used  on  the  one  hundred  and  ten  volt 
current,  and  gives  two  amperes  on  the  first  contact,  three 
amperes  on  the  second,  four  on  the  third  and  five  on 
the  fourth. . What  is  the  resistance  on  each  contact  ? 
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The  first  would  be 
/ 


11U 

2 


55  ohms. 


The  second  would  be 
The  third  would  be 
The  fourth  would'  be 


110 

») 

O 

110 

4 

110 


o 


36.6  ohms. 
27.5  ohms. 
22  ohms. 


TIIE  WATT. 

Electric  energy,  whether  it  is  manifested  in  the  re- 
volving armature  of  a motor,  the  heating  of  an  oven, 
or  in  the  deposition  of  a metal  from  its  solution,  can 
he  readily  computed  in  horse-power.  We  have  seen 
that  the  volt  in  electricity  means  the  same  as  pressure  in 
hydraulics,  and  that  the  ampere  is  the  same  as  the  cross- 
section  of  a flowing  stream  of  water.  All  electric  work 
depends  upon  the  two  factors,  pressure  and  current, 
in  whatever  proportions  they  may  be.  A current  may 
be  under  a thousand  volts’  pressure,  or  it  may  be  under 
but  a few;  it  may  be  a current  of  many  amperes  or  of 
but  the  fraction  of  one.  The  volts  multiplied  by  the 
amperes  give  a result  which  accurately  represents  the 
energy  which  is  active  in  any  current.  The  term 
for  the  product  of  the  pressure  in  volts,  into  the 
current  in  amperes,  is  the  watt.  This  is  sometimes 
called  the  volt-ampere,  and  is  the  unit  for  elec- 
tric power.  It  has  been  found  that  746  watts  are  equal 
to  one  horse-power.  It  does  not  matter  how  the  watts 
are  made  up,  whether  more  of  volts  than  of  amperes, 
so  long  as  their  product  equals  746,  there  is  ail  energy 
of  one  horse-power. 
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The  watt  is  beautifully  illustrated  in  the  study  of 
the  electro-magnet.  Magnetism  is  developed  in  the 

core  of  the  magnet 
by  the  circulation  of 
an  electric  current 
around  it.  We  will 
suppose  that  we  have 
a wire  which  will 
carry  two  amperes 
and  this  wire  makes 
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Fig.  7.— Diagrammatic  Illustration 

of  the  watt.  five  turns  around  the 

core  as  shown  in  Fig. 
7.  Each  turn  of  the  wire  carries  two  amperes,  and, 
since  there  are  five  turns  of  the  wire  around  the  core, 
these  two  amperes  go  around  five  times,  so  that  there 
may  be  said  to  be  ten  amperes  circulating  at  once.  Flow 
suppose  that  instead  of  the  five  separate  turns  of  wire 
the  insulation  is  removed  from  the  wire  so  that  the  five 
turns  touch  laterally  so  as  to  form  a solid  band  encirc- 
ling the  core.  They  would  then  act  as  one  turn  of  wire 
one-fifth  as  long  and  five  times  as  large  on  cross-section 
and  would  then  carry  ten  amperes  but  only  once  around 
which  would  produce  the  same  magnetic  strength  as  five 
turns  of  two  amperes  each.  We  may  suppose  au  electro- 
magnet has  five  hundred  turns  of  wire  around  it  and 
one  hundred  and  ten  volts  are  required  to  force 
three  amperes  through  it ; there  would  then  be  an  ex- 
penditure of  three  hundred  and  thirty  watts,  a little  less 
than  half  a horse-power.  Suppose  now  that  we  only 
have  two  hundred  and  fifty  turns  of  wire  on  the  mag- 
net and  our  voltage  is  but  fifty-five,  the  amperes  would 
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still  be  three  but  the  magnetic  field  is  but  half  the 
former  strength. 

The  Avatt  is  a unit  relatively  so  small  that  it  is  most 
appropriately  used  in  speaking  of  the  consumption  of 
very  small  quantities  of  current.  In  dynamo  electricity 
the  term  kilowatt,  (a  thousand  Avatts,)  is  generally  used. 
It  is  usual  to  speak  of  the  dynamo  as  one  of  so  many 
kiloAvatts,  but  of  the  motor  as  one  of  so  many  horse- 
poAver. 

There  are  three  expressions  for  the  watt-  or  volt- 
ampere  : 

(1)  CE  = The  Watts. 

(2)  = The  Watts. 

JLV 

(3)  C2R  = The  Watts. 

In  the  first  the  Avatts  are  equal  to  the  product  of  the 
current  in  amperes  multiplied  by  the  pressure  in  volts. 
In  the  second  the  electric  power  is  inversely  as  the  re- 
sistance Avlien  the  voltage  is  constant,  and  is  proportional 
to  the  square  of  the  electromotive  force  Avhen  the  re- 
sistance is  constant.  In  the  third  the  poAver  varies  as 
the  resistance  Avhen  the  current  is  constant,  or  as  the 
square  of  the  current  Avhen  the  resistance  is  constant. 

A sixteen  candle-poAver  lamp  consumes  five-tenths  of 
an  ampere  at  one  hundred  and  ten  volts ; hoAv  many 
watts  per  candle  poAver  ? 

W = 110  x .5  — 55. 
lfi  C.  P.  = 55. 

1 C.  P.  = 3.4  Watts. 

An  electromotive  force  of  fiftv-tAvo  volts  is  operating 
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through  a resistance  of  one  hundred  ohms;  how  many 
watts  are  operative  \ 


w.J* 

100 

W = 27. 


A rheostat  has  a resistance  of  thirteen  ohms  and 
/ 

nine  amperes  flow  through  it.  Iiow  many  watts  are 
dissipated  ? 

W = 92  X 13. 

W = 1053. 


A dynamo  has  an  output  of  nine  amperes  at  two 
thousand  volts.  What  would  that  be  in  watts  and  horse- 
power ? 


W = 9 X 2000  = 18000  Watts. 

18000  n4  , 

— — = 24  horse-power. 
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THE  COULOMB. 

When  we  measure  the  rate  of  flow  of  liquids  we  esti- 
mate the  amount  in  cubic  inches  or  cubic  feet  per  sec- 
ond ; or,  sometimes,  the  gallons  per  minute.  So  in  the 
measurement  of  the  rate  of  flow  of  electricity,  we  esti- 
mate it  in  so  many  units  of  quantity  of  electricity  per 
second.  When  a current  of  a given  strength  flows  it 
is  called  a current  of  so  many  amperes.  This  term  has 
no  reference  to  the  length  of  time  the  current  flows  but 
simplv  to  the  volume  of  the  current.  Although  elec- 
tricity is  not  usually  so  considered,  we  might  with  pro- 
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priety  Call  the  amperes  the  cross-section  of  the  current. 
It  is  not  until  the  element  of  time  is  considered  in  con- 
nect-ion with  the  current  in  amperes  that  we  can  esti- 
mate the  quantity  consumed.  When  a current  of  so 
many  amperes  flows  for  a given  time,  a quantity  of  elec- 
tricity has  been  active  which  may  be  measured  with  the 
utmost  accuracy  by  the  work  it  has  done. 

The  term  for  electrical  quantity  is  called  the  coulomb , 
from  Charles  A.  Coulomb,  a French  electrician.  It 
means  such  a quantity  of  electricity  as  shall  pass  in  one 
second  in  a circuit  of  one  volt  pressure  and  one  ohm 
resistance,  or  one  ampere  flowing  for  one  second.  The 
term  “coulomb”  also  applies  to  static  electricity  and 
means  the  quantity  of  electricity  contained  in  a con- 
denser of  one  farad  capacity  under  a pressure  of  one 
volt. 

While  we  cannot  see  a coulomb  of  electricity  we  can 
accurately  measure  it  by  its  effects.  At  the  ordinary 
temperature  and  pressure,  eighty-seven  coulombs 
passing  through  water  will  decompose  the  water  and 
liberate  one  cubic  inch  of  oxygen  and  hydrogen  in  the 
proportions  in  which  they  are  combined  in  the  molecule, 
or  25,35S  coulombs  will  deposit  one  ounce  of  silver  from 
its  solution.  A sixteen  candle-power  one  hundred  and 
ten  volt  lamp  requires  half  an  ampere  to  properly  light 
it.  It  would  then  consume  half  a coulomb  in  one  sec- 
ond, or  eighteen  thousand  coulombs  in  ten  hours.  A 
current  of  this  strength  would  deposit  an  ounce  of  silver 
in  fourteen  hours. 

The  term  “coulomb”  is  one  liable  to  bo  confused  with 
the  term  “ampere.”  They  both  have  reference  to  the 
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How  of  current.  The  ampere,  however,  refers  to  the 
strength  of  current  flowing  while  the  coulomb  refers  in 
particular  to  the  length  of  time  that  a current  of  a given 
volume  flows.  The  ampere  may  be  said  to  he  the  cross- 
section  of  the  current  as  it  flows,  and  the  coulomb  to  he 
the  quantity  that  has  passed  a given  point  in  a certain 
period  of  time.  When  compared  with  the  flow  of  water 
in  a pipe,  the  ampere  represents  the  rate  at  which  water 
is  flowing,  and  the  coulomb  represents  the  quantity  that 
has  passed  in  a given  length  of  time. 

The  foregoing  explanation  of  the  common  terms  in 
electricity  will  suffice  for  our  purpose  in  an  elementary 
study  of  this  kind.  The  other  technical  terms  will  he 
explained  as  they  are  used. 


CHAPTER  III. 
Magnetism. 


It  is  a remarkable  fact  that  the  mysterious  force, 
electricity,  should  be  so  intimately  connected  with  one 
equally  as  mysterious,  magnetism.  Tbe  discovery  of 
magnetism  preceded  the  discovery  of  electricity  some 
centuries,  but  the  only  practical  use  made  of  ic,  up  to 
the  time  of  the  discovery  of  this  new  property  of  the 
electric  current  by  Oersted  in  1820,  was  for  the  mari- 
ner’s compass.  Tbe  common  phenomena  of  magnetism 
were  regarded  more  as  a curiosity  than  as  of  any  prac- 
tical value. 

Iron  ore,  known  as  magnetite,  when  pure,  sometimes 
possesses  the  peculiar  property  of  attracting  pieces  of 
iron  to  it.  This  substance  is  sometimes  known  as  lode- 
stone,  and  is  called  a natural  magnet.  Tbe  name  ‘“mag- 
netism” was  derived  from  Magnesia  where  it  is  sup- 
posed the  first  lodestone  was  found.  It  is  supposed 
that  tbe  beds  of  this  ore  concentrate  the  lines  of  tbe 
earth’s  magnetic  field  upon  themselves  and  the  ore  thus 
becomes  magnetic.  If  a lodestone  is  brought  in  con- 
tact  with  a bar  of  iron  it  will  induce  a magnetic  prop- 
erty in  the  iron  bar.  This  is  then  called  an  artificial 
magnet.  Tf  tbe  bar  be  of  hardened  steel  the  magnetic 
property  which  it  received  from  tbe  lodestone  will  be 
retained  for  a considerable  length  of  time  and  it  is  called 
a permanent  magnet : whereas,  if  the  bar  be  of  soft  iron 
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it  will  lose  its  magnetic  property  upon  removing  the 
lodestone.  For  this  reason  the  soft  iron  is  called  a 
temporary  magnet. 

MAGNETIC  PHENOMENA. 

If  a bar  of  hardened  steel  which  has  been  magnetized 
he  rolled  in  iron  filings,  it  will  be  found  that  the  filings 
will  be  attracted  to  the  bar  and  will  collect  in  large 
quantities  about  the  ends  of  it,  as  shown  in  Fig.  8. 


Fig.  8. 


The  heaping  up  of  the  filings  about  the  ends  indicates 
that  the  attraction  is  strongest  at  these  points.  If  a 
piece  of  iron  be  suspended  on  a delicate  weighing  ma- 
chine and  a bar  magnet  be  passed  under  it  at  the  same 
perpendicular  distance,  but  at  different  points  horizon- 
tally, it  will  be  noticed  that  the  attractive  power  is 
greatest  at  the  ends  of  the  magnet  and  that  it  gradually 
diminishes  toward  the  center.  The  difference  in  the 
magnetic  strength  in  different  parts  of  the  bar  with 
points  of  greatest  intensity  at  the  extremities  was 
named  by  Doctor  Gilbert,  the  poles  of  the  magnet. 

Another  peculiarity  observed  in  the  magnetized  bar 
is  that  if  a piece  of  soft  unmagnetized  iron  be  presented 
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at  each  of  its  poles,  there  will  be  the  same  magnetic  pull 
at  either  end.  If,  instead  of  the  soft  iron,  one  end  of 
a bar  of  magnetized  steel  he  presented  to  one  pole  of 
the  magnet,  there  will  he  a much  stronger  attraction,  but 
if  the  other  end  of  the  bar  be  presented  it  will  be  re- 
pelled. This  shows  that  while  both  ends  of  the  bar 
magnet  possess  the  same  attractive  pull  on  a piece  of 
soft  unmagnetized  iron,  it  depends  upon  which  jiole  of 
the  magnetized  bar  is  presented  whether  it  will  be  at- 
tracted or  repelled,  indicating  that  the  magnetism  at 
either  end  of  the  magnet,  while  of  the  same  strength 
is  not  of  the  same  character.  Upon  experiment  it  was 
found  that  the  two  ends  of  the  bar  magnet  are  of  oppo- 
site polarity,  and  they  were  accordingly  designated 
positive  (+[)  and  negative  ( — ) poles. 

It  was  also  found  that  while  the  two  ends  of  a magnet 
were  of  opposite  polarity,  the  positive  of  one  magnet 
would  repel  the  positive  of  the  other,  and  that  attraction 
only  took  place  between  ends  of  opposite  polarity. 
Based  upon  these  phenomena,  the  following  laws  of 
magnetic  attraction  and  repulsion  have  been  established : 

1.  Like  magnetic  poles  repel  each  other. 

2.  Unlike  magnetic  poles  attract  each  other. 

The  attractive  force  of  magnetism  does  not  vary  in 
proportion  to  the  distance,  because  it  is  found  that  when 
metals  are  in  actual  contact  its  power  is  not  only  great- 
est, but  upon  breaking  the  contact  the  attraction  de- 
creases very  rapidly  in  a very  short  distance. 

If  a steel  bar  which  has  been  magnetized  be  balanced 
and  delicately  suspended,  it  will  assume  a direction 
pointing  north  and  south,  and  that  end  pointing  north 
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will  be  found  to  be  the  positive  pole,  and  that  pointing 
south  will  be  the  negative  pole.  For  this  reason  the 
positive  is  sometimes  called  the  north  pole,  and  the 
negative,  the  south  pole.  The  cause  of  the  magnetic 
needle  assuming  a northerly  and  southerly  direction  is 
due  to  the  fact  that  the  earth  acts  as  a huge  magnet  with 
its  negative  pole  at  the  north  and  its  positive  pole  at  the 
south.  There  was  at  one  time  some  discussion  as  to 
whether  it  would  not  be  more  scientific  to  call  that  pole 
which  pointed  to  the  north,  the  south  pole  of  the  magnet, 
since  the  negative  or  south  magnetic  pole  of  the  earth  is 
at  its  north  pole,  but  the  old  form  is  still  retained. 

If  a soft  iron  nail  be  brought  in  contact  with  another 
nail  there  is  apparently  no  magnetic  action  between 
them  and  they  remain  quiet.  If,  however,  a magnet 
be  placed  upon  the  first  nail,  the  second  nail  will  be 
drawn  to  the  first  much  as  if  the  first  nail  was  of  steel 
and  was  a permanent  magnet ; and  if  a third  nail  be 
placed  near  the  second  this  will  cling  to  the  second  as 
the  second  did  to  the  first.  Upon  removing  the  magnet 
from  the  first  nail  they  all  fall  apart. 

This  phenomenon  shows  not  only  that  soft  iron  pos- 
sesses a magnetic  property,  or  power,  when  in  the  field 
of  a permanent  magnet,  but  that  during  this  time  it  has 
a magnetic  property  of  its  own  sufficient  to  attract  other 
pieces  of  iron.  The  magnetism  produced  in  the  nails 
is  called  induced  magnetism  because  it  is  induced  in 
them  for  the  time  being  bv  the  permanent  magnet. 

If  a magnetic  needle  be  brought  near  the  nail  while 
it  is  magnetized  by  the  permanent  magnet,  it  will  be 
found  that  the  induced  magnetism  of  the  nail  possesses 
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a difference  of  polarity  like  that  of  the  permanent  mag- 
net, and  that  the  end  of  the  nail  in  contact  with  the  mag- 
net will  he  of  opposite  polarity  to  that  pole  of  the  mag- 
net. It  will  he  further  seen  that  the  induced  magnet- 
ism of  the  second  nail  at  the  contacting  point  with  the 
first  nail  is  also  of  opposite  polarity  and  so  on  through- 
out the  series. 

If  a glass  tube  be  nearly  filled  with  steel  filings  and 
it  be  brought  in  contact  with  a strong  magnet,  it  will  be 
found  that  the  whole  tube  will  act  as  a magnet  and  show 
a difference  of  polarity  at  its  ends.  If  now  the  filings 
he  shaken  up,  this  difference  of  polarity  will  he  lost. 
An  examination,  however,  of  one  of  these  steel  particles 
will  show  that  it  has  not  lost  its  magnetism,  hut  exhibits 
a difference  of  polarity  at  its  ends.  The  result  of 
shaking  them  up  has  been  to  place  them  in  such  posi- 
tions that  their  polarities  have  neutralized  each  other. 
If  they  could  he  placed  in  their  original  positions  the 
polarity  of  the  whole  tube  would  he  restored.  This 
indicates  that  magnetism  has  been  induced  in  each  par- 
ticle and  that  each  particle  possesses  a difference  of 
polarity  at  its  extremities. 

If  a knitting  needle  he  magnetized,  we  will  find  that 
it  has  two  poles,  one  at  either’  end  and  in  its  center,  a 
neutral  point.  If  we  break  it  at  the  neutral  point,  it 
will  be  found  that  we  will  not  have  one  piece  of 
one  polarity  and  the  other  piece  of  the  opposite 
polarity,  but  that  each  piece  has  ends  of  opposite  polar- 
ity like  the  original  needle.  Break  one  of  these  pieces 
at  its  neutral  point  again,  and  we  still  have  the  same 
difference  of  polarity  shown  at  the  extremities.  It  does 
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not  matter  into  how  small  pieces  our  needle  is  broken, 
each  piece  will  exhibit  a difference  of  polarity  like  the 
original  whole  needle.  This  indicates  that  if  the  divi- 
sion could  be  kept  up  till  the  molecules  are  reached,  each 
molecule  would  be  found  to  be  a magnet  with  a differ- 
ence of  polarity  and  that  magnetism  is  a phenomenon 
residing  in  the  molecules  of  the  substance. 

If,  again,  a steel  magnet  be  heated,  it  will  he  found 
that  the  magnetism  has  been  lost.  The  reason  for  this 
is  that,  if  magnetism  resides  in  the  molecules  of  the 
substance,  as  supposed  above,  while  the  steel  is  heated 
the  molecules  are  in  irregular  agitation  and,  as  in  the 
illustration  of  the  steel  filings,  do  not  resume  their 
original  positions  on  cooling.  Consequently  the  mag- 
netism is  neutralized  by  the  pairing  of  the  molecules. 
When  we  strike  a permanent  magnet  a hard  blow  its 
polarity  is  lost  because  of  the  disturbance  and  new 
arrangement  of  its  molecules. 


THEORY  OF  MAGNETISM. 

One  of  the  earlier  theories  of  magnetism  held  that  it 
was  due  to  the  presence  of  two  different  fluids,  one 
boreal  or  north,  and  the  other  austral,  or  south.  In 
most  substances  these  fluids  are  in  a state  of  equilibrium 
and  cannot  be  separated,  but  in  some  bodies  like  iron 
and  nickel  they  are  capable  of  separation  and  the  phe- 
nomenon of  magnetism  is  due  to  this  separated  and  un- 
balanced condition. 

Soon  after  Oersted  announced  the  magnetic  property 
of  a conductor  through  which  electricity  was  flowing, 
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Ampere  proposed  a theory  for  magnetism  based  on  that 
phenomenon.  This  theory  while  not  generally  accepted 
to-day  was  a step  in  advance  and  opened  the  way  for 
further  investigations.  The  theory  of  Ampere  was  as 
follows : 

1.  That  the  ultimate  particles  of  all  magnetizable 
bodies  form  closed  circuits  in  which  currents  of  elec- 
tricity  are  constantly  flowing. 

2.  That  in  an  unmagnetized  body  these  currents  are 
still  present,  but  that  the  currents  flow  in  opposite  direc- 
tions in  adjoining  circuits  and  therefore  neutralize  one 
another. 

3.  That  the  act  of  magnetization  consists  in  such 
movement  of  polarization  of  the  particles  as  will  cause 
the  currents  in  all  to  flow  in  one  and  the  same  direction, 
magnetic  saturation  being  reached  when  they  are  all 
so  caused  to  flow  in  one  and  the  same  direction. 

4.  That  the  coercive  force  is  due  to  the  resistance 
which  these  circuits  or  the  particles  through  which  they 
flow,  offer  to  a change  in  their  direction. 

The  above  theory  of  Ampere  is  open  to  the  objection 
that  it  is  contrary  to  the  laws  of  nature  in  that  we  know 
.that  electricity  cannot  be  continually  flowing  in  a sub- 
stance without  an  expenditure  of  energy. 

To  meet  the  objections  of  Ampere’s  theory  Professor 
Hughes  proposed  one  by  assuming: 

1.  That  the  ultimate  particles  of  matter  naturally 
possess  opposite  polarities;  namely,  +,  or  north,  and 
— , or  south. 

2.  That  when  these  ultimate  particles  are  arranged 
in  closed  circuits  or  chains,  with  their  opposite  poles 
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together,  they  completely  neutralize  one  another  so  far 
as  any  external  effect  is  concerned. 

3.  That  the  act  of  magnetization  consists  in  a rota- 
tion of  these  ultimate  particles  so  as  to  cause  all  the 
positive  poles  to  point  in  one  and  the  same  direction, 
and  all  the  negative  poles  to  point  in  the  opposite  direc- 
tion. 

The  theory  of  Hughes,  while  it  is  not  entirely  satis- 
factory, is  supported  by  the  following  facts : 

1 . A bar  of  steel  or  iron  increases  in  length  on  being 
magnetized.  This  is  due  to  the  ultimate  particles  ar- 
ranging themselves  with  their  opposite  poles  together. 

2.  A glass  tube  filled  with  water  containing  very 
fine  magnetic  oxide  of  iron  is  nearly  opaque.  If  this 
be  magnetized  it  will  allow  light  to  pass  through  it. 

3.  A magnet,  may  be  divided  into  any  number  of 
pieces,  and  each  piece  will  still  have  a north  and  south 
pole. 

4.  It  was  shown  by  Yon  Betz  that  iron  which  is 
electrolytically  deposited  upon  the  poles  of  a magnet 
increases  the  strength  of  the  magnet,  because  the  ulti- 
mate particles  have  been  more  distinctly  arranged  by  the 
electrolytic  process  than  they  can  be  by  the  ordinary 
process  of  magnetization  upon  the  particles  in  the  steel 
bar. 

The  most  generally  accepted  theory  of  magnetism  is 
that  proposed  by  Professor  Ewing,  and  this  is  a modifi- 
cation again,  of  Hughes’s  theory.  He  agrees  with 
Hughes  in  assuming  that  the  ultimate  particles  of  mat- 
ter are  naturally  magnetic  and  possess  polarity,  but 
differs  from  him  in  regard  to  the  force  which  resists  the 
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movement  of  the  molecules  during  their  polarization. 
Professor  Ewing  maintains  that  no  other  force  than 
ordinary  attraction  and  repulsion  exists  between  the 
molecules,  and  that  they  are  free  to  rotate  about  their 
centers  and  maintain  the  same  distance  from  one  an- 
other during  this  rotation.  He  demonstrated  this  prin- 
ciple with  a number  of  small  needles  under  the  influence 
of  a magnet. 

The  theory  of  Ewing  is  strengthened  by  what  has 
been  observed  in  regard  to  magnets.  A steel  rod  is 
more  quickly  and  thoroughly  magnetized  if  it  is  sub- 
jected to  light  jars  or  vibrations  during  the  magnetizing 
process.  A magnet  loses  its  polarity  if  its  tempera- 
ture be  raised  high  enough  to  set  the  molecules  in  mo- 
tion. 

This  theory  holds  that  magnetism  resides  in  the  ulti- 
mate particles,  that  the  molecules  themselves  are  as 
small  magnets  which  inherently  possess  a north  and 
south  polarity.  These  particles  in  their  original  posi- 
tions, like  the  disturbed  filings  in  the  glass  tube,  have 
their  polarities  neutralized  by  their  promiscuous  ar- 
rangement. Upon  being  brought  under  the  influence  of 
a strong  magnet  these  particles  behave  like  the  small 
compass  needle  and  arrange  themselves  according  to 
the  laws  of  magnetic  polarity.  During  magnetization 
the  ultimate  particles  rotate  until  there  is  a more  or 
less  perfect  alignment  with  the  same  poles  pointing  in 
the  same  direction.  The  bar  becomes  magnetized  to 
saturation  when  all  the  particles  have  thus  aligned  them- 
selves. 

The  difference  in  the  facility  with  which  iron  and 
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steel  are  made  magnetic,  and  the  difference  in  their 
power  of  retaining  the  magnetic  property,  is  due  to  the 
physical  property  of  each  and  not  to  any  chemical  con- 
dition. A piece  of  tempered  steel  is  hard  because  its 
particles  possess  a compactness  and  rigidity  which  is 
not  easily  changed,  whereas,  a piece  of  iron  is  soft  be- 
cause its  particles  are  more  loosely  arranged  and  are 
more  mobile.  Now  since  magnetism  resides  in  the  mole- 
cules, and  since  the  process  of  magnetization  is  one  in 
which  there  is  a rotation  and  alignment  of  these  mole- 
cules, it  is  evident  that  a metal  whose  molecules  are 
loosely  arranged  will  be  easily  magnetized,  whereas 
a metal  whose  molecules  are  not  so  free  to  move  will 
be  difficult  to  magnetize.  It  is  evident  also  that  the  par- 
ticles of  a metal  which  are  so  loosely  arranged  as  to  be 
easily  rotated  by  an  external  magnetic  force  will  quickly 
regain  their  original  positions  on  removal  of  the  mag- 
netic force ; and  on  the  contrary  the  particles  of  a metal 
which  are  difficult  to  rotate  will  retain  their  magnetic 
positions  for  a longer  time. 

In  this  way  we  account  for  the  facility  with  which 
soft  iron  becomes  magnetic,  and  also  for  the  difficulty 
experienced  in  magnetizing  hardened  steel.  In  like 
manner  we  also  account  for  the  difference  in  the  reten- 
tive property  of  soft  iron  and  steel.  The  molecules 
of  soft  iron  being  free  to  move,  quickly  regain  their 
original  position,  whereas,  those  of  hardened  steel,  hav- 
ing been  once  aligned,  retain  their  positions  for  a long 
time.  It,  is  for  this  reason  that  a bar  of  steel  will  be 
difficult  to  magnetize,  but  will  retain  its  magnetic  prop- 
erty in  proportion  to  its  hardness. 
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The  ease  and  facility  with  which  soft  iron  can  be 
magnetized  and  the  rapidity  with  which  it  loses  its  mag- 
netism is  the  underlying  principle  of  all  electromagnetic 
mechanisms.  The  dynamo  for  generating  electric  cur- 
rents, the  motor  for  transforming  their  energy  into 
work,  the  electric  bell,  the  telephone,  the  telegraoh,  and 
many  other  electrical  appliances  have  as  their  funda- 
mental mechanism,  or  central  organ,  a magnet. 

Two  theories  have  been  proposed  to  account  for  the 
magnetism  of  the  ultimate  particles  of  iron.  There' 
is  a very  subtle  and  highly  elastic  medium  which  exists 
everywhere  in  space  and  even  pervades  all  substance, 
filling  the  intermolecular  spaces.  This  medium,  which 
is  called  the  ether , is  a frictionless  fluid  and  is  the 
medium  which  transmits  light,  heat,  electricity,  and 
magnetism  When  it  is  once  set  in  motion  it  requires 
no  additional  energy  to  keep  it  moving.  One  of  the 
theories  of  magnetism  presumes  that  a magnetized  mole- 
cule produces  a whirl  in  the  ether  surrounding  it  and 
that  these  whirlings,  or  vortices,  are  the  cause  of  the 
phenomena.  The  other  theory  is  somewhat  similar  to 
this,  but  differs  in  that  these  whirlings  are  so  much  in 
one  direction  that  they  are  called  streamings.  It  is 
believed  that  each  molecule  which  exhibits  the  mag- 
netic phenomenon  causes  a streaming  motion  of  the 
ether  through  it.  These  molecules  may  be  moved  and 
rotated  far  enough  that  the  streamings  are  all  in  one 
direction.  In  the  unmagnetized  state  of  a bar  of  iron 
these  molecular  magnets  possess  no  definite  alignment 
so  that  their  streamings  neutralize  one  another, 
but  upon  the  application  of  a strong  magnet  the  mole- 
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cules  align  themselves  so  that  their  streamings  become 
co-directed.  There  is  then  a strong  ether  streaming 
passing  through  the  bar  and  we  have  perceptible  mag- 
netism. 

It  is  presiuned  that  the  magnetic  streamings  enter  at 
the  south  pole  of  the  magnet  and  issue  at  the  north  pole 
as  shown  in  Tig.  9. 


These  streamings  are  sometimes  called  lines  of  mag- 
netic force , magnetic  flux , or  tubes  of  magnetic  force , 
It  is  supposed  that  they  are  set  in  motion  by  the  molec- 
ular mechanism  of  the  magnet,  and  flow  through  it 
from  the  south  to  the  north  pole,  then  complete  the  cir- 
cuit by  returning  to  the  south  pole  in  the  opposite  direc- 
tion through  the  external  region.  The  phenomena  of 
attraction  and  repulsion  are  accounted  for  in  this  way : 
If  we  suppose  that  the  streamings  leave  the  magnet  at 
the  north  pole,  then  if  the  north  poles  of  two  magnets 
be  brought  together,  the  streamings  from  one  magnet 
will  be  against  those  of  the  other  and  we  will  have  a 
repulsion  of  the  magnets.  If,  however,  the  south  pole 
of  the  second  magnet  be  placed  at  the  north  pole  of  the 
first,  then  the  streaming  from  both  magnets  will  be  in 
the  same  direction  and  will  flow  from  the  first  into  the 
second  exhibiting  the  stronger  magnetic  attraction.  A 
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compass  needle  which  is  free  to  rotate,  when  approached 
by  one  of  the  poles  of  a bar  magnet  will  rotate  till  its 
magnetic  streamings  are  co-directed  with  those  of  the 
magnet  and  will  come  to  rest  with  an  opposite  pole  con- 
tacting that  of  the  magnet. 

ELECTROMAGNETISM. 

In  1820  Oersted,  of  Copenhagen,  made  known  the  im- 
portant discovery  that  a conductor  carrying  a current 
of  electricity  possesses  properties  like  those  of  a magnet. 
The  similarity  between  the  nature  of  electricity  and  that 
of  magnetism  in  some  of  their  phenomena,  had  aroused 
the  suspicion  that  there  was  a relation  between  the  two, 
but  up  to  that  time  there  seemed  to  be  no  connecting 


link.  Oersted  demonstrated  this  relation  bv  closing  the 
circuit  of  a voltaic  battery  and  bringing  a compass 
needle  near  the  conductor.  And  at  this  day  any  one  can 
make  the  experiment  by  bringing  a penknife  near  an 
incandescent  lamp.  The  magnetism  accompanying  the 
flow  of  current  through  the  filament  will  cause  it  to  be 
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attracted  or  repelled  from  the  knife  according  to  its 
polarity.  The  magnetic  field  produced  by  a flow  of 
current  through  a conductor  can  be  shown  by  passing 
the  conductor  perpendicularly  through  a cardboard  and 
sprinkling  iron  filings  on  the  card.  If  the  card  be 
gently  tapped  the  filings  will  arrange  themselves  in  con- 
centric circles  around  the  conductor  as  shown  in  Fig.  10. 

The  filings  have  not  only  been  drawn  into  this  group- 
ing but  at  the  same  time  have  become  magnetic  and 
exhibit  a difference  of  polarity.  The  polarity  of  the 
filings  depends  upon  the  direction  in  which  the  current 
flows  through  the  conductor.  If  the  current  flows  down- 
ward then  the  lines  of  magnetic  force  take  a direction 
like  the  hands  of  a clock.  This  can  also  he  illustrated 
by  the  motion  of  a right-handed  corkscrew.  The  for- 
ward movement  of  the  screw  represents  the  flow  of  the 
electric  current  and  the  rotary  motion  which  it  takes 
represents  the  lines  of  magnetic  force.  If  the  current 
flows  up  through  the  wire  in  the  cardboard  then  the 
direction  of  the  lines  of  magnetic  force  is  reversed  and 
we  have  the  condition  shown  in  Fig.  11. 

When  a number  of  complete  turns  are  made  from  a 
single  piece  of  wire  so  as  to  form  a coil  it  is  then  called 
a.  helix  or  solenoid,  and  possesses  all  the  properties  of  a 
magnet.  Its  behavior  is  in  every  way  similar  to  a bar 
magnet.  It  possesses  the  property  of  direction  like 
the  magnetic  needle  and  the  property  of  attraction  and 
repidsion.  If  a solenoid  be  so  arranged  that  it  is  free 
to  rotate  at  the  same  time  that  it  carries  the  current, 
it  will  assume  a northerly  and  southerly  direction  like 
the  needle  of  a compass.  Or  if  it  be  approached  by  one 
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pole  of  a permanent  magnet,  it  will  assume  a position 
according  to  the  laws  of  magnetic  attraction  and  repul- 
sion. 

A single  turn  of  wire  will  produce  a certain  amount 
of  magnetic  flux,  and  it  is  found  that  if  another  turn 
of  the  same  wire  he  added  the  flux  will  be  doubled  al- 
though the  same  amount  of  energy  may  be  expended. 
The  streamings  of  each  turn  are  added  to  the  first  and 
there  is  no  limit  to  the  extent  to  which  the  loops  or  coils 
may  be  added  and  to  the  intensity  of  the  magnetic  flux. 

The  magnetic  flux  of  a circuit  can  be  expressed  in  a 
formula  similar  to  Ohm’s  law  of  electric-current  flow. 
The  unit  of  magnetic  flux  is  the  iveber,  the  unit  of 
magnetomotive  force  is  the  gilbert , and  the  unit  of  mag- 
netic reluctance  is  the  oersted.  The  term  “magnetic 
flux”  corresponds  to  the  term  “ampere,”  magnetomotive 
force  to  electromotive  force,  and  magnetic  reluctance  to 
resistance.  The  expression  for  the  above  is, 

, Gilberts 

Webers  = ^ 

Oersteds 

which  corresponds  to  the  electrical  equation 

Volts 


Amperes  = 


Resistance 


THE  ELECTROMAGNET. 

The  electromagnet  is  one  of  the  most  important  elec- 
tric inventions.  Without  it  we  could  not  generate  cur- 
rent on  a commercial  basis,  and  without  it  the  use  of 
electricity  would  be  limited  almost  entirely  to  electro- 
lytic processes.  The  electric  light  would  be  a curiosity, 
and  we  could  have  no  motive  power  of  any  bind.  The 
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telegraph,  telephone,  electric  bell,  and  many  other  ap- 
pliances which  have  for  their  central  organ  an  electro- 
magnet, would  be  unknown. 

If  a bar  of  soft  iron  be  introduced  into  the  coils  of 
a helix,  its  molecules  are  aligned  by  the  influence  of  the 
electric  current  the  same  as  if  it  had  been  brought  in 
contact  with  a permanent  magnet,  and  the  iron  which  is 
then  made  magnetic  by  the  electric  current  is  known 
as  an  electromagnet.  The  magnetism  of  the  helix  alone 
is  considerable,  but  when  to  this  is  added  the  natural 
magnetism  of  the  aligned  molecules  of  the  iron,  we  have 
a doubling  of  the  streamings ; and,  since  there  is  no  limit 
to  the  number  of  turns  that  may  be  made  in  the  helix 
and  their  more  perfect  aligning  effect  upon  the  iron 
molecules,  the  strength  of  the  electromagnet  may  be 
increased  almost  indefinitely.  This  is  one  of  the  fea- 
tures of  this  appliance.  The  simple  closing  of  a cir- 
cuit with  a switch  may  put  into  operation  many  horse^ 
powers  of  energy. 

The  electromagnet  can  not  only  be  made  of  any  de- 
sired strength,  but  the  rapidity  with  which  it  becomes 
magnetized  and  demagnetized  by  the  closing  and  open- 
ing of  the  electric  circuit  makes  it  one  of  the  most  im- 
portant and  widely  used  principles  in  the  production 
and  application  of  modern  electricity.  The  dynamo 
which  generates  and  the  motor  which  uses  the  current 
each  depends  upon  the  facility  with  which  its  magnets 
receive  and  lose  their  magnetism.  In  the  iron  core  of 
the  transformer  we  have  not  only  a break  in  the  mag- 
netism but  an  actual  reversal  of  the  poles  and  this  oc- 
curring hundreds  of  times  in  a second.  It  is  difficult 
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to  conceive  of  all  that  takes  place  in  so  short  a period  of 
time.  The  armature  of  the  telegraph  and  the  receiver 
of  the  telephone  each  operate  by  the  varying  magnetism 
of  the  electromagnet.  It  may  require  an  appreciable 
length  of  time  for  a large  iron  core  two  feet  in  diameter 
to  lose  its  magnetism,  but  an  iron  wire  of  14  gauge 
will  both  acquire  and  lose  it.  in  approximately  a hun- 
dred-thousandth of  a second. 

The  most  common  form  of  the  electromagnet  is  the 
one  in  which  there  are  two  iron  cores  and  a connecting 
piece  called  the  yoke.  Soft,  iron  is  used  for  these  parts 
because  it  has  the  property  of  qijickly  losing  its  mag- 
netism on  opening  the  circuit.  The  cores  are  fitted 
with  end  pieces  to  keep  the  wires  in  form,  and  the  inter- 
vening space  is  wound  with  insulated  copper  wire. 
These  two  bobbins  are  then  placed  side  by  side  and  the 
yoke  fitted  on  the  upper  ends  of  the  cores,  making  as 
much  contact  as  possible,  so  that  all  three  pieces  will  be 
as  one  continuous  piece  of  iron.  The  wire  from  one 
bobbin  is  then  connected  with  the  wire  of  the  other  bob- 
bin and  the  magnet  is  complete.  In  connecting  the 
wires  of  the  two  bobbins,  it  should  be  so  done  that  the 
current  passes  around  U-shaped  iron  cores  in  a direction 
the  same  as  if  the  cores  and  yoke  were  straightened 
out  into  one  piece  and  the  wire  were  wound  on  one 
bobbin  and  then  the  other  without  change  of  direction. 
The  U-shaped  magnet  is  simply  a straight-  magnet  with 
opposite  poles  at  its  extremities  bent  in  that  form  for  the 
purpose  of  bringing  the  poles  nearer  together. 

The  amount  of  magnetic  flux  in  an  electromagnet  is 
approximately  as  the  number  of  turns  of  wire  on  the 
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spool,  the  electric  current  remaining  the  same.  If  we 
have  a spool  with  five  hundred  turns  on  it  and  five  hum 
dred  more  he  added,  the  magnetic  flux  will  be  almost 
doubled.  If  a wire  carries  one  ampere  of  current  it 
will  he  known  as  an  ampere  turn ; but  if  it  carries  but 
half  an  ampere  it  will  require  two  turns  to  make  one 
ampere  turn. 

The  amount  of  magnetic  flux  in  a coil  without  the  core 
is  directly  proportionate  to  the  strength  of  the  mag- 
netizing current.  If  a current  of  one  ampere  is  flowing 
through  a coil,  the  magnetic  flux  will  be  doubled  if  an 
additional  ampere  be  caused  to  flow. 

The  laws  of  electricity,  like  a rule  in  mathematics, 
are  always  the  same,  and  the  electrical  engineer  in  the 
course  of  time  has  established  data  and  rules  of  such 
precision  that  a motor  or  dynamo  can  be  designed  for 
any  capacity  or  any  service  with  absolute  assurance  that 
it  will  be  the  most  efficient. 
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CHAPTER  IV, 

Sources  or  Electricity. 


Electricity  is  everywhere  and  is  a phenomenon  of 
every-day  life,  but  it  is  so  readily  dissipated  that  it  is 
not  always  apparent.  It  may  be  produced  by  the  sim- 
ple contact  of  dissimilar  substances,  by  the  friction  of 
one  substance  against  another,  or  by  a difference  of  tem- 
perature. It  is  present  in  the  physical  and  chemical  pro- 
cesses of  animal  and  plant  life.  Although  the  various 
conditions  under  which  it  manifests  itself  would  lead 
one  to  believe  that  there  are  different  kinds  of  elec- 
tricity, yet  there  is  but  one  electricity,  and  the  different 
terms  voltaic-electricity,  thermo-electricity,  etc.,  are 
simply  names  to  designate  the  source  of  the  current. 

The  sources  of  electricity  may  be  grouped  under 
seven  beads  as  follows : 

1.  Thermo-electricity , or  that  produced  by  a dif- 
ference of  temperature  at  the  junction  of  two  dissimilar 
metals. 

2.  Voltaic-electricity,  or  that  produced  by  the  un- 
equal action  of  an  electrolyte  upon  two  dissimilar  sub- 
stances. 

3.  Dynamo-electricity,  or  that  produced  by  the 
motion  of  a conductor  past  a magnet. 

4.  Fricitional  electricity,  or  that  produced  by  the 
friction  of  one  substance  against  another. 

5.  Pyro-electricity , or  that  produced  by  differences 
of  temperature  in  certain  crystalline  solids. 
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(5.  Photo-electricity , or  that  produced  by  the  action 
of  light. 

7.  Vital  electricity,  or  that  produced  under  the 
influence  of  and  during  the  operations  of  life. 

Only  the  first  four  sources  of  electricity  are  of  suf- 
ficient capacity  to  have  any  commercial  value,  and  to  be 
discussed  in  this  work. 

THE  THERMOPILE. 

When  two  dissimilar  metals  are  heated  at  their  junc- 
tion an  electric  current  flows  which  may  he  easily  meas- 
ured. This  is  called  a thermopile,  and  while  it  is  not 
an  economical  method  of  producing  current,  it  is  never- 
theless an  interesting  phenomenon  and  illustrates  the 
relation  between  heat  and  electricity.  There  is  a re- 
ciprocal action  between  electricity  and  other  modes  of 
motion.  Electricity  produces  magnetism  and  magnet- 
ism produces  electricity.  Electricity  produces  light 
and  light  produces  electricity.  And  in  like  manner 
electricity  produces  heat  and  heat  produces  electricity. 

If  a bar  of  bismuth  and  one  of  antimony  be  joined 
together,  a current  of  electricity  will  be  generated  if 
their  junction  be  heated.  A number  of  such  couplets 
joined,  forms  a thermopile  whose  strength  increases 
with  each  additional  couplet.  The  current  flows  across 
each  heated  junction  from  bismuth  to  antimony,  and 
across  each  cooled  junction  from  antimony  to  bismuth. 
At  each  junction  it  receives  a fresh  impulse  according 
to  the  difference  of  temperature  between  the  two  ends 
of  the  couplet. 

Here  we  have  an  illustration  of  electricity  generated 
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by  heat.  There  is  a difference  of  heat  potential  which 
produces  the  difference  of  electrical  potential,  and, 
upon  completing  the  circuit,  we  have  a flow  of  elec- 
tricity. The  specific  capacity  of  bismuth  for  heat  is 
three-liundredths  while  that  of  antimony  is  five-hun- 
dredths. When  heat  from  the  same  source  is  applied 
at  the  junction  of  the  two  metals  there  is  a rise  in  the 
temperature  of  each  inversely  as  their  specific  capacity, 
the  bismuth  becoming  much  hotter  than  the  antimony. 
This  difference  of  heat  potential  creates  a difference  of 
electric  potential  and  the  current  flows  from  the  bis- 
muth to  the  antimony. 

In  the  use  of  these  two  metals  for  the  thermopile, 
there  is  another  condition  favoring  a greater  difference 

of  electrical  potential 
which  is  due  to  their 
molecular  structure.  A 
difference  of  crystalli- 
zation affects  the  elec- 
tric potential.  These 
metals  crystallize  in 
different  forms  and  of 
such  a marked  differ- 
ence  as  to  increase  the 
electric  current.  For 
these  two  reasons  the 
antimony-bismuth  couplet  is  the  oue  most  used  for  gen- 
erating current  by  heat. 

As  stated  at  the  outset,  there  is  a reciprocal  action  be- 
tween heat  and  electricity.  Tf,  instead  of  heating  and 
cooling  alternate  junctions  of  the  couplet,  a current  of 
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Fig.  12— Thermopile  Couplet. 
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electricity  be  passed  through  the  thermopile,  the  junc- 
tions will  become  heated  or  cooled  according  to  the 
direction  of  the  current.  One  passing  from  antimony  to 
bismuth  heats  the  junction,  while,  if  in  the  opposite 
direction  the  junction  will  be  cooled. 

It  is  an  easy  matter  to  convert  electrical  energy  into 
heat  energy.  As  a matter  of  fact  this  transformation 

Ci/ 


OUTLET 


Fig.  14 — Thermo  Electric  Co.’s  Thermopile. 

can  be  accomplished  without  any  appreciable  loss. 
This,  however,  is  not  the  case  in  the  reverse  order.  ITeat 
cannot  be  converted  into  electricity  except  with  a loss  of 
about  sixty  per  cent,  even  with  the  best  appliances  of 
to-day. 

The  quantity  of  current  derived  from  the  thermopile 
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is  not  very  large,  and  on  that  account  this  method  of 
generating  current  has  not  been  of  much  commercial 
value  till  recently  when  the  Thermo  Electric  Company 
placed  an  appliance  upon  the  market  which  promises  to 
become  a practical  and  efficient  instrument.  This  is 
shown  in  Fig.  14.  The  couplets  are  arranged  in  a circle 
around  a central  heating  space.  The  heat  is  supplied  by 
a Bunsen  burner  which  heats  the  inner  junction  and  in 
order  to  obtain  the  greatest  difference  of  temperature 
the  outer  junctions  are  kept  cool  by  a water  jacket  which 
surrounds  them. 

The  output  of  one  of  these  appliances  with  water 
back  is  about  twenty  watts,  and  the  couplets  can  be 
connected  up  so  as  to  give  ten  volts  and  two  amperes  or 
vice  versa.  This  is  sufficient  for  many  dental  instru- 
ments such  as  the  electric  plugger,  fan,_  engine,  and 
cautery  or  mouth  lamp. 


THE  BATTERY. 

In  1767,  Sulzer,  of  Berlin,  discovered  that  a peculiar 
taste  was  produced  by  placing  two  coins  of  different 
metals  upon  the  tongue  in  such  a manner  that  their 
edges  touched.  The  significance  of  this  discovery  was 
not  comprehended  till  some  twenty  years  later,  when  in 
1786  Luigi  Galvan i announced  his  experiment  with 
frog’s  legs.  It  was  supposed  that  he  had  discovered  the 
cause  of  vitality;  in  fact,  Galvani  claimed  that  he  had 
discovered  the  vital  fluid  and  principle  of  life.  Alexan- 
der Yolta,  however,  upon  investigating  the  phenomena 
which  were  produced  by  the  action  of  dissimilar  metals 
when  brought  in  contact  with  the  nerves  and  muscles 
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of  the  frog’s  leg,  ascribed  the  movement  to  a light  elec- 
tric current  which  was  produced  by  the  contact  of  the 
metals,  and  flowed  through  the  nerves  and  muscles. 
These  metals  when  inserted  in  the  frog’s  leg  would 
undergo  a slight  oxidation,  and  the  electricity  devel- 
oped from  the  chemical  action  coursing  through  the 
leg  produced  the  contractions.  The  frog’s  legs  took 
the  place  of  the  exciting  liquid  in  the  galvanic  cell. 

Volta,  in  following  up  his  experiments,  in  order  to 
intensify  the  action  of  the  dissimilar  metals  constructed 
what  was  named  the  artificial  electric  organ  but  which  is 
now  known  as  the  voltaic  pile.  This  consisted  of  discs 
of  copper  and  zinc  laid  upon  one  another,  forming  a 
couplet  upon  which  was  laid  a cloth  moistened  with 
salt  water.  Some  fifty  of  these  were  piled  one  upon 
the  other,  observing  the  order  of  copper,  zinc,  cloth, 
and  the  whole  fastened  together  and  forming  the  voltaic 
pile. 

While  the  combination  of  parts  in  which  electricity 
is  produced  by  chemical  action  is  called  a galvanic  cell, 
it  should  properly  be  called  a voltaic  cell , and  a number 
of  such  cells  acting  together  is  called  a battery. 

The  voltaic  cell  consists  of  two  parts : 

1.  A voltaic  pair  or  couple. 

2.  A liquid  called  the  electrolyte  in  which  the  vol- 
taic pair  is  immersed. 

The  couplet  is  generally  made  up  of  two  solids,  which 
are  dissimilar  metals.  Or,  one  may  be  a metal  and 
the  other  carbon.  In  some  cells,  however,  the  couple 
is  made  up  of  solids  and  liquids,  of  liquids  and  gases, 
or  even  of  different  liquids  or  different  gases.  In  the 


72 


DENTAL  ELECTRICITY 


Grove  gas  battery,  the  couple  is  composed,  of  oxygen  and 
hydrogen.  If  metals  or  carbon  are  used,  they  are  usu- 
ally in  the  form  of  plates  so  as  to  present  considerable 
surface  to  be  acted  upon. 

The  electrolyte  is  a fluid,  generally  but  not  always  of 
acid  reaction.  The  function  of  the  fluid  is  to  act  upon 
one  of  the  metals  of  the  couple,  and  it  must  at  the  same 
time  be  capable  of  being  decomposed  and  of  conducting 
the  current.  Acid  fluids  are  more  active  in  their  chem- 
ical reactions  than  alkaline  ones,  and  it  is  for  this  rea- 
son that  the  solution  is  generally  of  acid  reaction.  For 
some  uses  of  the  cell,  however,  the  best  results  are  ob- 
tained by  having  the  fluid  of  an  alkaline  reaction. 

During  the  action  of  a cell,  one  of  the  plates  is  acted 
upon  by  the  electrolyte  with  which  it  enters  into  chem- 


ical combination,  and  while  the  other  plate  may  not  be 
affected  by  the  electrolyte,  however,  it  has  its  func- 
tions to  perform.  We  may  say  that  nearly  all  of  the 
chemical  process  centers  at  the  plate  which  is  being 
acted  upon  by  the  electrolyte,  and  that  the  other  plate 
acts  as  a means  of  taking  care  of  some  of  the  products 
formed  by  the  action  upon  the  first  plate. 

A familiar  type  of  voltaic  cell  is  that  which  has  cop- 
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per  and  zinc  elements  with  dilute  sulphuric  acid  for  the 
electrolyte.  If  the  zinc  is  placed  in  the  acid  solution 
first,  it  will  be  slightly  acted  upon,  and  bubbles  of  hydro- 
gen gas  will  collect  upon  it;  if  then  the  copper  plate  be 
immersed  but  not  allowed  to  touch  the  zinc,  as  in  Fig. 
II,  there  will  he  no  change  further  than  the  slight  dis- 
turbance of  the  liquid.  If  now  the  copper  and  zinc  be 
connected  by  a wire  as  shown  in  Fig.  15,  an  electrolytic 
action  takes  place  in  the  cell.  The  solution  is  decom- 
posed, the  zinc  plate  is  attacked  by  the  acid,  and  bubbles 
of  hydrogen  form  on  the  copper  plate.  The  action 
upon  the  zinc  plate  causes  the  formation  of  zinc  sul- 
phate which  is  quickly  dissolved  by  the  solution. 

The  foregoing  statement  of  the  chemical  reactions 
is  according  to  the  generally  accepted  theory  of  Grot- 
thus,  and  is  expressed  in  the  following  equation: 

Zn  + ILS04  = Z11SO4  + 2H. 

The  electro-positive  elements  form  a procession 
moving  in  one  direction  and  the  electro-negative,  one 
moving  in  the  opposite  direction.  All  metals,  and 
hydrogen  which  is  supposed  also  to  he  a metal,  move  in 
the  direction  of  the  positive  of  the  current.  The  sul- 
phuric acid  is  broken  up;  the  sulphur  and  oxvgen  in  the 
form  of  Sulphion,  S04,  unite  with  the  zinc  forming 
zinc  sulphate,  and  the  hydrogen,  while  it  is  set  free  at 
the  copper  plate,  has  no  affinity  for  the  copper  and 
consequently  forms  in  bubbles  upon  its  surface  as  free 
hydrogen. 

In  the  chemical  reactions  there  has  been  a transfer 
of  energy.  The  zinc  sulphate  has  a lower  molecular 
energy  than  the  combinations  from  which  it  was  formed, 
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and  the  energy  which  was  liberated  during  the  reaction 
appears  now  in  the  form  of  heat  and  electricity. 

According  to  one  of  the  theories,  during  the  splitting 
up  of  the  molecules  according  to  their  affinities,  those 
moving  towards  the  copper  plate  carry  a positive  charge 
of  electricity  and  those  which  move  toward  the  zinc 
plate  carry  a negative  charge.  In  this  way,  if  the  two 
plates  are  connected  externally,  the  charges  of  elec- 
tricity received  hv  one  of  the  plates  are  conducted  to  the 
other,  and  we  then  have  our  electric  current  established 
and  flowing  from  the  copper  to  the  zinc  plate  outside 
of  the  solution  and  from  the  zinc  to  the  copper  within 
the  solution.  At  the  same  time  the  copper  and  zinc 
plates  have  a + and  — pole,  much  as  if  they  were 
magnets,  with  the  neutral  point  at  the  surface  of  the 
solution.  The  exposed  end  of  the  copper  plate  is  posi- 
tive, and  the  current  flows  from  it  toward  the  zinc 
through  the  connecting  wire.  Within  the  solution, 
however,  the  condition  is  reversed  and  the  immersed 
end  of  the  zinc  plate  is  positive,  and  the  current  flows 
from  that  to  the  immersed  end  of  the  copper,  the  latter 
being  negative. 

In  practice  the  copper  plate  is  referred  to  as  the  nega- 
tive because  the  current  from  the  solution  enters  it, 
and  the  zinc  plate  as  the  positive  because  the  current 
leaves  it  to  enter  the  liquid.  Moreover,  it  is  the  posi- 
tive plate  which  is  acted  upon,  and  the  negative  plate 
which  is  not.  The  wire  which  conducts  the  currents 
from  the  copper  plate  is  called  the  positive  electrode, 
and  the  wire  from  the  zinc  the  negative  electrode  be- 
cause they  are  of  that  polarity. 
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In  any  voltaic  cell  the  direction  of  the  current 
through  the  liquid  is  the  opposite  of  that  without. 
Within  the  solution  the  current  flows  from  the  plate 
most  acted  upon  to  the  other,  and  outside  the  liquid, 
from  the  plate  least  acted  upon  to  the  one  most  acted 
upon  as  shown  in  Fig.  16. 

The  zinc  which  is  used  for  batteries  should  he  chem- 
ically pure.  If  it  contains  other  mteals,  voltaic  couples 
will  be  formed  in  the  zinc  itself,  and  in  that  way  the 
efficiency  of  the  cell  will  be  diminished.  The  impuri- 


Eig.  l(i— Voltaic  Couple. 

ties  produce  currents  which  flow  round  in  short  cir- 
cuits through  the  liquid  and  back  to  the  zinc  again. 
Zinc  without  impurities  cannot  he  obtained  cheap 
enough  for  battery  work,  but  it  has  been  found  that 
if  commercial  zinc  be  coated  with  mercury,  which  is 
called  amalgamation,  pure  zinc  comes  to  the  surface. 
This  amalgamated  coating  not  only  covers  the  impuri- 
ties, but  it  forms  a surface  which  becomes  covered  by 
a film  of  hydrogen  when  the  circuit  is  open  and  is  thus 
protected  from  chemical  action  while  the  cell  is  not  in 
use. 

When  the  circuit  is  first  closed  in  the  simple  voltaic 
cell  the  electromotive  force  is  stronger  than  at  any  other 
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time.  It  soon  begins  to  weaken  and  finally,  if  the 
circuit  is  kept  closed  long  enough,  will  cease  altogether. 
This  diminution  in  the  strength  of  the  current  is  due  to 
a change  that  has  gradually  been  going  on  in  the  cell, 
called  polarization.  It  is  due  to  several  causes,  princi- 
pal of  which  is  the  accumulation  of  hydrogen  upon  the 
negative  plate.  During  the  action  of  the  cell,  the  hy- 
drogen which  is  set  free  at  the  negative  plate  does  not 
bubble  up  through  the  liquid  and  escape,  but  adheres 
to  the  plate,  forming  in  time  a complete  covering. 

Two  effects  are  produced  by  this  film  of  hydrogen. 
One  is  the  mechanical  resistance  which  it  offers  to  the 
flow  of  current  and  the  other,  the  electromotive  force 
which  it  tends  to  produce.  Hydrogen  gas  is  a non- 
conductor of  electricity,  and  during  the  action  of  the 
cell  this  gas  forms  in  minute  bubbles  which  increase  in 
number  and  size  till  the  whole  surface  of  the  copper 
becomes  coated.  If  these  bubbles  are  not  disturbed,  the 
action  of  the  cell  will  cease  because  there  is  no  longer 
any  exposure  of  copper. 

The  second  effect  produced  by  the  presence  of  hydro- 
gen on  the  copper  plate  is  an  electro-chemical  one.  Hy- 
drogen has  a greater  affinity  for  oxygen  than  has  the 
copper,  so  that  there  is  then  an  electromotive  force 
established  in  a direction  opposite  to  that  of  the  cell. 
The  result  of  these  opposing*  forces  is  to  weaken  the  cell 
and  its  effective  electromotive  force  will  be  the  differ- 
ence between  the  two. 

The  strength  of  the  cell  decreases  also  from  a change 
which  has  been  going  on  in  the  electrolyte.  The  sul- 
phuric-acid solution  has  been  gradually,  by  the  solution 
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of  the  zinc,  increasing  in  density  by  the  formation  of 
zinc  sulphate.  The  sulphuric  acid  is  slowly  disappear- 
ing so  that  there  is  less  activity  at  the  zinc  plate.  More- 
over, in  time  the  zinc-sulphate  solution  may  reach  the 
copper  plate  when  a coating  of  zinc  will  be  formed  upon 
it,  making  the  two  plates  electrically  the  same,  and 
causing  the  action  to  cease. 

Since  the  polarization  of  the  cell  by  the  formation 
of  hydrogen  upon  the  negative  is  the  principal  defect 
in  the  way  of  the  usefulness  of  the  voltaic  cell,  there  are 
numerous  methods  in  use  for  overcoming  this  difficultv. 
It  is  done  either  by  preventing  the  liberation  of  the 
hydrogen  directly  on  the  copper  plate,  or  by  rapidly 
absorbing  the  hydrogen  after  it  is  formed.  An  agent 
which  is  used  for  this  purpose  is  called  a depolarizer 
and  it  is  upon  this  basis  that  all  voltaic  cells  are  divided 
into  two  general  classes : 

1.  Cells  with  depolarizers. 

2.  Cells  without  depolarizers. 

The  cells  with  depolarizers  are  capable  of  furnishing 
continuous  currents  for  a long  time,  and  for  that  rea- 
son are  especially  adapted  for  operating  motors,  for 
electroplating,  and  for  some  uses  in  electrotherapeutics. 
The  cells  without  depolarizers  furnish  a current  which, 
if  the  circuit  is  closed  for  any  length  of  time,  soon  drops 
to  zero.  These  cells  are  useful  for  certain  kinds  of 
work,  such,  for  instance,  as  require  light  current  for  a 
short  time,  but  at  such  intervals  that  the  cell  has  had 
time  to  recuperate.  The  cells  with  depolarizers  are  of 
a very  great  variety  and  may  be  divided  into  two 
classes : 
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1.  Those  with  liquid  depolarizers. 

2.  Those  with  solid  depolarizers.  > 

Those  with  liquid  depolarizers  are  capable  of  giving 
the  strongest  and  at  the  same  time  the  most  uniform 
current.  The  nature  of  a liquid  depolarizer  is  such 
that  it  is  always  ready  and  in  condition  for  forming 
combinations  with  the  hydrogen ; whereas,  in  the  case 
of  a solid  deporalizer  it  requires  more  or  less  time  for 
the  solid  to  dispose  of  the  hydrogen. 

Cells  with  liquid  depolarizers  may  be  again  divided 
into  two  classes,  namely: 

1.  Single-fluid  cells. 

2.  Double-fluid  cells. 

The  single-fluid  cells  have  a solid  depolarizer,  whereas 
the  double-fluid  cell  has  iff  electrodes  surrounded  by 
different  liquids  which  are  usually  kept  separate  by 
a porous  septum.  The  porous  partition  is  made  of 
unglazed  - earthenware  and  is  molded  in  the  form  of 
a cup  so  as  to  contain  one  of  the  elements  and  its 
liquid.  This  cup  is  placed  in  the  vessel  containing  the 
other  element  and  its  liquid.  It  is  sunk  'deep  enough 
to  bring  the  two  liquids  on  a level.  While  these  liquids 
do  not  flow  through  the  cup  they  mingle  in  the  pores 
sufficiently  to  conduct  the  current.  In  the  double  cell 
one  of  the  fluids  is  the  exciting  liquid,  and  the  other 
the  depolarizing  liquid. 

While  the  porous  cup  serves  the  purpose  of  keep- 
ing the  two  liquids  separate,  it  offers  considerable  in- 
ternal resistance  to  the  current.  Since  the  current  fol- 
lows the  liquid  through  its  pores,  the  formation  of  bub- 
bles of  gas  and  of  salts  in  the  pores  increases  the  resist- 


SOURCES  OF  ELECTRICITY 


79 


ance  to  suck  an  extent  at  times  that  the  cell  loses  much 
of  its  power. 


CLOSED-CIRCUIT  CELLS. 

The  first  cell  to  claim  our  attention  is  the  Daniell 
from  the  fact  that  is  was  the  first  constant  cell.  This 
cell  was  invented  by  Professor  Daniell,  of  Edinburgh, 
in  1836,  and  differed  from  others  in  use  at  that  time  in 


that  it  was  capable  of  yielding  a uniform  current  for  a 
long  time.  It  made  possible  from  a commercial  point 
of  view,  the  use  of  the  telegraph  which  had  been  in- 
vented by  Morse  some  four  years  previous  to  that  time. 

This  cell  is  a double-fluid  cell  with  a porous  cup. 


Fig.  17.— Dantiell  Cell,. 
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The  elements  are  zinc  and  copper  and  the  fluids  are 
zinc  sulphate,  and  copper  sulphate.  The  zinc  is  in 
the  form  of  a sheet  bent  round  so  as  to  stand  in  the  con- 
taining vessel.  Within  the  zinc  is  placed  the  porous 
cup  which  contains  a smaller  coil  of  sheet  copper.  A 
weak  solution  of  zinc  sulphate  is  placed  in  the  outer 
vessel,  and  a solution  of  copper  sulphate  in  the  porous 
cup.  Professor  Daniell,  when  first  using  this  cell, 
found  that,  while  it  was  an  improvement  upon  other 
forms  of  cells,  it  would  nevertheless  weaken  after  con- 
stant use.  This  he  found  was  due  to  a change  which 
had  taken  place  in  the  copper  solution  by  a precipita- 
tion of  the  copper,  which  he  overcame  by  suspending 
crystals  of  copper  sulphate  in  a gauze  sack.  The  crys- 
tals gradually  dissolve,  thereby  keeping  the  copper- 
sulphate  solution  in  a state  of  saturation. 

In  some  forms  of  the  Daniell  cell  the  above  order  is 
reversed.  The  copper  is  placed  outside  and  the  zinc 
inside  the  porous  cup,  the  latter  metal  being  in  the 
form  of  a rod.  The  action,  however,  is  the  same  in 
either  case. 

The  chemical  process  which  is  active  in  the  Daniell 
cell  and  upon  which  its  constancy  depends  is  this:  The 

action  of  the  sulphuric  acid  upon  the  zinc  causes  the 
formation  of  zinc  sulphate  and  the  liberation  of  hydro- 
gen according  to  the  following  equation: 

Zn  + IT2S04  = ZnSO,  + 2H 

The  hydrogen,  by  a series  of  molecular  changes,  mi- 
grates toward  the  copper  plate.  When  the  hydrogen 
passes  through  the  porous  cup  it  meets  the  solution 
of  copper  sulphate  which  it  decomposes,  setting  free 
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copper  and  sulphuric  acid.  The  copper  is  deposited 
upon  the  copper  plate  and  the  sulphuric  acid  passes 
through  the  porous  cup  into  the  zinc  solution.  The 
hydrogen  is  absorbed  in  the  chemical  reaction  and  never 
reaches  the  copper  plate  for  which  it  began  its  journey 
from  the  zinc  plate.  As  the  strength  of  the  copper-sul- 
phate solution  declines  the  crystal  salts  dissolve,  which 
keeps  the  solution  at  about  a state  of  saturation. 

The  chemical  reactions  which  take  place  in  the  Dan- 
iell  cell  may  be  shown  in  this  way ; the  formula, 

Zn  -f-  H2S04  -f-  CuS04  -f  Cu 
represents  the  condition  before  the  circuit  is  closed,  and 
after  the  cell  has  been  in  action  a change  takes  place 
which  is  represented  by  tbe  following  formula : 

ZnS04  + II2S04  + 2Cu. 

In  this  process  an  atom  of  zinc  is  removed  from  the 
zinc  and  an  atom  of  copper  has  been  added  to  the  copper 
for  every  molecule  of  H2S04  decomposed.  There  is  a 
gradual  wasting  of  the  zinc  and  a proportionate  increase 
of  the  copper.  The  zinc  compartment  becomes  laden 
with  zinc  sulphate  which  in  time  it  is  necessary  to  re- 
move. 

The  Daniell  cell,  while  giving  excellent  results,  is 
not,  however,  free  from  objections.  The  porous  cup 
answers  its  purpose  best  when  its  pores  allow  free  elec- 
trical movement  through  them.  These  pores  fre- 
quently become  closed  bv  a deposit  of  copper.  This 
sometimes  occurs  to  such  an  extent  as  to  break  the 
jar. 

The  internal  resistance  caused  by  the  porous  cup 
limits  its  application  to  those  uses  which  require  a 
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small  current.  The  ordinary  Daniell  cell  furnishes 
scarcely  more  than  an  ampere  of  current. 

When  the  cell  is  not  in  use  the  copper  solution  dif- 
fuses through  the  porous  cup,  causing  a coating  of  black 
oxide  of  copper  to  form  on  the  zinc  plate,  which  pro- 
duces a local  action  in  that  compartment.  In  order  to 
keep  this  cell  in  good  condition  it  is  necessary  to  empty 
the  solution  when  not  in  use  for  any  length  of  time. 

The  E.  M.  F.,  (electromotive  force)  of  the  Daniell 
cell  is  about  1.07  volts. 

The  Gravity , or  Callaud  cell  is  a simplified  Daniell 

cell.  The  copper-sulphate 
solution  of  the  Daniell  cell 
Avas  found  to  be  consider- 
ably heavier  than  the  zinc 
sulphate,  therefore,  in- 
stead of  separating  the 
copper  and  zinc  solutions 
by  a porous  partition,  tbe 
copper  AA’as  placed  at  the 
bottom  and  the  zinc  at  the 
top,  and  in  that  way  their 
respective  sulphate  solu- 
tions would,  if  the  cell  be 
kept  quiet,  form  tAvo  quite 
distinct  strata  Avitli  that  of 
tbe  zinc  sulphate  uppermost.  Such  a cell  is  shoAvn  in 
Fig.  18  in  which  the  zinc  is  suspended  from  the  upper 
edge  of  the  glass  jar  and  the  copper  rests  upon  the 
bottom. 

By  this  arrangement  the  porous  cup  with  its  dis- 


Eig.  18. — Gpaa'tty  Cell. 
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advantages  was  done  away  with,  and  although  the  elec- 
tromotive force  is  not  increased,  the  cell  is  more  con- 
stant in  its  output.  The  same  method  is  used  for  keep- 
ing this  cell  in  action  as  in  the  Daniell  cell.  A hand- 
ful of  copper-sulphate  crystals  is  carefully  let  down  to 
the  copper  plate  from  time  to  time,  and  the  zinc  solution 
siphoned  off  and  fresh  water  added. 

There  is  considerable  loss  of  the  solution  by  evapora- 
tion as  well  as  by  a precipitation  of  the  zinc  salts 
on  the  sides  of  the  vessel.  Both  of  these  faults  may  be 
overcome  by  covering  the  liquid  with  a film  of  oil. 

If  this  cell  is  set  up  with  only  water  and  the  cop- 
per-sulphate crystals,  it  does  not  work  at  first.  The 
outside  circuit  should  be  closed  and  the  cell  allowed  to 
stand  twenty-four  hours,  when  it  will  be  found  that  the 
internal  action  has  been  sufficient  to  form  the  two  sul- 
phate solutions  about  the  zinc  and  copper.  If  the  cell 
is  to  be  used  immediately  it  is  filled  half-full  of  a solu- 
tion of  copper  sulphate  and  the  upper  half  nearly 
filled  with  a'  weak  solution  of  zinc  sulphate.  Or 
a more  simple  method  may  be  employed  by  adding  a 
little  sulphuric  acid  to  the  water. 

The  ordinary  gravity  cell  will  furnish  one-fourth  of 
an  ampere  of  current  steadily,  but  there  are  some  modi- 
fications which  are  capable  of  delivering  as  high  as  five 
amperes.  The  Daniell  and  gravity  cells  are  the  simplest 
forms  of  double-fluid  cells  in  use,  and  the  principles  em- 
ployed, and  internal  actions  of  these  cells  are  essentially 
the  same  as  those  employed  in  some  of  the  more  com- 
plicated forms  which  need  but  a description  of  their 
construction. 
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The  Ge  thins  Cell. — This  is  a modification  of  the 
Daniell,  and  is  shown  in  Fig.  19.  The  porous  cup  is 

let  in  from  the  top  far  enough 
to  reach  half  way  down.  This 
cup  contains  the  zinc  plate.  In 
the  bottom  of  the  vessel  is  placed 
the  copper  disc  and  copper  sul- 
phate. 

The  Minneito  Cell. — This  cell 
is  constructed  by  placing  the 
copper  element  at  the  bottom  of 
the  jar,  and  covering  this  with 
a layer  of  copper  sulphate.  Up- 
on the  copper  sulphate  is  placed 
a sheet  of  canvas  or  muslin  and 
upon  this  a rather  thick  layer  of 
sand  or  sawdust.  This  is  cov- 
ered with  another  sheet  of  muslin  and  a disc  of  zinc  is 
rested  upon  the  whole.  It  will  also  be  seen  that  this  cell 
is  a combination  of  the  Daniell  and  gfavity  cells  in 
which  the  porous  cup  of  the  Daniell  is  supplied  by  the 
muslin  and  sand,  and  the  solutions  are  placed  in  the 
proper  positions  with  respect  to  gravity. 

The  Delany  Gravity  Cell. — This  is  essentially  a 
gravity  cell.  The  copper  sulphate  is  placed  at  the  bot- 
tom in  a strawboard  box,  and  the  copper  in  the  form 
of  a wire  is  wound  around  it.  The  sulphate  solution 
diffuses  through  the  box.  The  zinc  is  enclosed  in  a 
paper  envelope  and  is  suspended  in  the  upper  part  of 
the  cell.  It  is  claimed  that  by  means  of  this  envelope 


Fig.  19.— Gethins  Cell. 
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copper  does  not  reach  the  zinc  and  yet  there  is  the  freest 
electrical  interchange. 

The  Medinger  Cell. — This  cell  consists  of  a sheet  of 
zinc  caught  hv  a construction  of  the  containing  vessel 
half  way  down.  The  copper  element  is  placed  inside  a 
glass  tumbler  resting  on  the  bottom  of  the  vessel  and  the 
copper  sulphate  is  fed  into  the  tumbler  through  the  glass 
tube.  This  cell  differs  from  the  Callaud  or  gravity  cell 
only  in  the  use  of  the  glass  tumbler. 

We  now  come  to  a class  of  cells  which  differ  from  the 
Daniell  and  Callaud  cell  in  the  elements,  exciting 
liquids,  and  depolarizers  that  are  used.  Copper,  zinc, 
and  sulphuric  acid  are  not  the  only  agents  that  are 
available  for  producing  an  electric  current.  Electricity 
is  present  in  all  chemical  processes,  so  that  there  re- 
mains simply  the  work  of  grouping  and  arranging  as 
to  detail  the  processes  and  appliances  whereby  the  great- 
est amount  of  electric  energy  can  be  realized  with  the 
least  expenditure  of  material.  There  is  an  endless 
variety  of  agents  and  combinations  which  may  be  em- 
ployed for  producing  electric  currents,  and  these  will 
at  the  same  time  produce  currents  which  have  a wide 
range  as  to  voltage  and  amperage.  All  the  uses  to 
which  electricity  is  applied  are  not  the  same,  so  that  it 
is  quite  convenient  to  select  a combination  of  elements 
and  excitants  to  meet  the  requirements  of  each  one. 

In  nearly  all  these  combinations  zinc  is  retained  as 
the  positive  element,  and  there  is  but  very  little  change 
in  the  negative  element.  The  copper  is  generally  sup- 
planted by  carbon.  The  greatest  variation  is  found  in 
the  electrolyte.  This,  as  before  stated,  may  be  a single 
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or  double  fluid,  and  it  may  range  all  the  way  from  a 
strong  acid  to  a marked  alkali. 

The  Grove  Cell. — The  Grove  cell  is  made  up  of  zinc 

and  platinum  elements 
with  zinc-sulphate  and 
nitric-acid  solutions.  It 
is  a double-fluid  cell  with 
an  earthenware  septum. 
The  zinc  is  a thick  sheet 
bent  in  the  form  of  the 
letter  U.  The  porous 
cup  contains  a sheet  of 
platinum  and  is  flat 
enough  to  stand  within 
the  U-shaped  piece  of 
zinc.  The  form  of  the 
zinc  is  sometimes  modi- 
fied so  as  to  surround 
the  porous  cup.  Zinc 
sulphate  surrounds  the 
zinc  and  nitric  acid  fills  the  porous  cup.  This  cell  is 
shown  in  Fig.  20. 

When  the  Grove  cell  is  in  action  the  zinc  is  dissolved, 
forming,  as  in  the  gravity  cell,  zinc  sulphate.  ‘The 
hydrogen  on  passing  through  the  porous  partition,  is 
oxidized  by  the  nitric  acid  and  does  not  reach  the  plati- 
num for  which  it  started.  In  this  capacity  the  nitric 
acid  acts  as  a depolarizer.  There  is  no  action  on  the 
platinum  plate.  The  nitric  acid,  bv  taking  up  the 
hydrogen,  undergoes  a series  of  decompositions  in  the 
following  order : HNO„,  nitric  acid  ; UNO.,,  nitrous 
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Fig.  20.— Grove  Cell. 
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acid;  HXO,  hyponitrous  acid,  and  finally  XO,,  nitro- 
gen peroxide,  a highly  poisonous  gas  is  formed  by 
the  escape  of  XO  in  the  air.  The  hydrogen  has 
united  with  oxygen  forming  two  molecules  of  water, 
(2H,0). 

It  will  be  seen  that  the  continual  formation  of  water 
weakens  the  solution  in  the  porous  cup.  This  in  time 
may  produce  another  form  of  reactions.  The  acid 
may  give  up  all  its  oxygen,  forming  ammonium  nitrate. 

The  internal  resistance  of  the  Grove  cell  is  very  little 
so  that  a rather,  high  E.  M.  E.  is  operative.  When  in 
good  order  it  gives  nearly  two  volts.  When  this  cell  is 
in  use  the  corrosive  gas  arising  from  it  should  he  con- 
veyed to  the  open  air.  When  not  in  use  it  should  he 
taken  apart. 

The  Bunsen  Cell. — This  is  a modification  of  the 
Grove  cell.  The  sheet  of  platinum  is  replaced  by  a 
block  of  carbon  which  is  not  only  much  cheaper  than 
the  platinum,  hut,  being  quite  rough,  presents  a much 
larger  surface. 

Iron  is  sometimes  substituted  for  the  carbon,  hut 
when  the  acid  becomes  weakened  the  iron  is  frequently 
attacked.  In  order  to  avoid  the  poisonous  fmne3 
chromic  acid  and  dilute  sulphuric  acid  are  sometimes 
substituted  for  the  nitric  acid. 

The  E.  M.  F.  of  the  Bunsen  cell  is  about  the  same  as 
the  Grove,  or  1.9  volts. 

The  Gordon  cell. — This,  as  shown  in  Eigs.  21  and  22, 
has  copper  and  zinc  elements  with  a sodium  solution.  A 
metal  cover  fits  the  top  of  the  jar  through  the  middle 
of  which  is  let  a copper  rod  which  supports  the  copper 
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element  inside  and  at  the  same  time  answers  for  a bind- 
ing post  on  the  outside. 

The  copper  element  which  is  perforated  is  suspended 
in  the  middle.  Outstanding  from  this  are  three  por- 
celain knobs  which  support  a cylinder  of  sheet  zinc. 
An  insulated  wire  passes  from  the  zinc  through  an  insu- 
lating bushing  in  the  cover. 


Fig.  22.— Gordon  Cell  without  Jaiu 


The  Fuller  Cell. — Chromic  acid  is  a strong  oxidizing 
agent,  and  this  property  makes  it  useful  for  battery 
purposes.  If  sulphuric  acid  he  added  to  the  bichromate 
of  potassium  or  sodium,  there  will  be  formed  the  sul- 
phate of  potassium  or  sodium  and  chromic  acid.  If 
we  take  bichromate  of  potassium  as  an  example,  the 
action  would  be  represented  by  the  following: 


SOURCES  OF  ELECTRICITY 


89 


K2Cr207  + H2S04  = K2S04  -f  H,0  + 2CrO,. 

In  those  cells  which  employ  the  bichromate  solution, 
chromic  acid  is  the  oxidizing  agent  and  prevents  polari- 
zation by  uniting  with  the  hydrogen. 

The  Fuller  cell  uses  as  one  of  the  electrolytes,  bichro- 
mate of  potassium,  and  for  this  reason  it  is  sometimes 
called  the  bichromate  cell.  A block  of  zinc  rests  on 


Fig.  23.  Fuller  Cell. 

the  bottom  of  the  porous  cup,  and,  to  insure  continuous 
amalgamation  of  the  zinc,  the  bottom  of  the  cup  is  cov- 
ered with  mercury.  The  porous  cup  stands  at  one  side 
of  the  containing  vessel  and  a carbon  block  at  the  other. 
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The  porous  cup  is  nearly  filled  with  water  and  the 
bichromate  solution  is  brought  to  the  same  level  in  the 
outer  vessel.  A Fuller  cell  is  shown  in  Fig.  23. 

The  solution  for  the  bichromate  cells  is  made  up  in 
the  following  proportions : 


Bichromate  of  Potassium 1 part. 

Sulphuric  Acid 2 parts. 

Water 20  parts. 


The  bichromate  must  he  heated  in  boiling  water  to 
effect  perfect  solution.  The  acid  is  slowly  added  to 
the  water,  and  when  both  solutions  are  cool  they  are 
to  be  mixed,  and  the  fluid  will  be  ready  for  use. 

The  chemical  reaction  which  takes  place  may  be 
represented  as  follows: 

K2Cr,07  + 7IIoS04  = 2Cr03  + K2S04  + H20 
+ 6IT2  S04. 

When  this  solution  is  placed  in  the  cell  we  would  have 
the  following  formula : 

O 

3Zn  + 7H2S04  + K2Cr207  + C. 

When  the  cell  is  in  action  the  chemical  process  in 
progress  produces  chromium  sulphate,  zinc  sulphate, 
and  water,  represented  as  follows : 

2Cr03  + 6IT2S04  + 3Zn  = Cr2  3(S04)  + 3ZnS04 
+ 6IT20. 

The  bichromate  cell  has  a low  internal  resistance, 
and  gives  nearly  two  volts’  pressure.  There  are  no 
acid  fumes  arising  from  it,  and  where  a strong  current 
is  desired  for  a short  time,  this  form  of  cell  is  one  of 
the  most  convenient. 

Bichromate  of  potassium  has  been  generally  used  in 
this  class  of  work,  but  sodium  bichromate  is  recom- 
mended instead.  The  advantages  of  this  salt  over  the 
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potassium  according  to  Professor  Carhart,  are  as  fol- 
lows : 

1.  It  contains  a larger  percentage  of  available  oxy- 
gen. 

2.  It  is  much  more  readily  soluble  and  requires  no 
heat. 

3.  The  sulphates  if  they  should  form  do  not  crystal- 
lize but  remain  in  solution. 

The  Partz  Acid  Gravity  Cell. — This  cell  has  been 
selected  by  the  S.  S.  White  Dental  Manufacturing 
Company  for  dental  purposes,  and  being  unique  in  its 
construction  is  worthy  of  a somewhat  minute  descrip- 
tion. As  is  indicated  by  its  name,  it  is  a gravity  bat- 
tery, although  in  some  of  the  forms  a porous  cup  is 
used.  It  also  resembles  the  Bunsen  cell,  but  the  details 
have  been  so  much  improved  that  it  has  received  a new 
name.  It  employs  the  gravity  principle  for  the  sepa- 
ration of  the  fluids  of  the  electrolyte,  and  uses  an  acid 
depolarizer. 

The  cells  without  a porous  cup  consist  of  a carbon 
block  which  rests  upon  the  bottom  of  the  containing 
vessel.  This  block  is  either  perforated  with  a number 
of  holes  or  has  a number  of  projections  thereon  which  in 
either  case  increase  the  surface  of  carbon.  The  other 
element  is  of  zinc  and  is  suspended  from  the  top  in 
the  form  of  a “crowfoot”  or  a broad  plate. 

Whenever  the  porous  cup  is  used  the  pores  of  the 
lower  half  are  filled  with  paraffine  so  as  to  prevent  the 
mixture  of  the  two  solutions  below  the  middle  line. 
The  zinc  in  the  form  of  a cylinder  stands  within  the 
porous  cup. 
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The  exciting  liquid  for  this  cell  which  is  to  be  placed 
in  contact  with  the  zinc  may  he  a solution  of  either  sul- 
phate of  magnesium  or  of  common  salt.  The  solution 
of  salt  is  a much  better  conductor. 

The  depolarizing  solution  is  to 
he  placed  at  the  bottom.  This  is 
furnished  in  the  form  of  a sulpho- 
chromic  salt.  It  is  in  a crystalline 
state  and  is  sealed  in  glass  jars  con- 
taining two  pounds  each.  It  is  read- 
ily soluble  in  water  and  should  he 
dissolved  in  six  pints  of  water  to  give 
it  the  proper  strength  for  this  work. 
This  being  heavier  than  the  zinc 

Fig.  24.  ° 

solution,  remains  at  the  bottom. 

A novel  feature  of  the  Partz  cell  is  the  use  of  a glass 
funnel  which  reaches  almost  to  the  carbon.  By  this 
means  the  strength  of  the  sulpho-chromic  solution  can 
be  maintained  by  dropping  the  salt  in  the  funnel  which 
reaches  the  heavier  solution  without  mixing  with  the 
upper  and  lighter  solution. 

An  illustration  of  the  simplest  form'  o-f  the  Partz  cell 
is  shown  in  Fig.  25. 

This  cell  gives  almost  two  volts’  pressure  and  when 
used  for  heavy  work  such  as  operating  an  electric 
motor,  or  for  plating,  is  supplied  in  a square  form  and 
gives  about  five  amperes. 

The  Partz  cell  in  which  a porous  cup  is  used,  gives  a 
little  higher  voltage,  but  the  internal  resistance  pro- 
duced by  using  the  porous  cup  lowers  the  strength  of  the 
current.  Such  a cell  is  shown  in  Fig.  26. 
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This  cell  is  best  adapted  for  bells,  gas-ligbting  and 
all  light  work. 

A cell  which  the  manufacturers  call  Partz  Motor 
Cell  is  especially  designed  for  heavy  work.  It  is 
square  in  form  and  employs  the  porous  cup.  The  car- 


Fig.  25.— Partz  Acid  Gravity  Cell. 


bon  is  in  five  blocks  which  are  deeply  corrugated. 
These  are  arranged  around  the  porous  cup  and  fast- 
ened at  their  upper  ends  to  a metal  strip.  Within  the 
porous  cup  is  the  zinc  element.  This  cell  is  shown 
in  Fig.  27,  and  gives  two  volts  and  from  ten  to  twelve 
amperes  on  short  circuit.  Thirty  such,  cells  will  deliver 
one-eighth  electric  horse-power  for  thirty  hours’  con- 
tinual use  on  a single  charge.  This  in  actual  practice 
should  last  from  two  to  six  months. 
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Where  the  dentist  has  not  the  advantages  of  the 
commercial  current  the  Partz  Acid  Gravity  Cell 
will,  all  things  considered,  meet  his  requirements  as 
well  as,  if  not  better  than,  any  other  form  of  primary 
battery.  x 

The  bichromate  of  potassium  or  preferably  of  sodium 
is  also  employed  in  cells  with  the  plates  arranged  per- 


Eig.  26.— Partz  Cell  with  Porous  Cup. 


pendicularly.  Both  being  excitants  and  depolarizers, 
the  zinc  and  carbon  plates  may  be  placed  side  by  side 
and  dipped  in  the  bichromate  solution.  This  form  of 
cell  is  called  the  Grenet,  as  shown  in  Fig.  28. 

If  several  dells  are  compactly  arranged  so  that  all 
the  elements  can  be  raised  or  lowered  at  once  it  is  called 
a plunge  battery.  This  is  shown  in  Fig.  29. 
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The  plunge  battery  is  useful  principally  because  there 
Avill  be  no  useless  waste  of  material,  and  because 
it  can  be  readily  and  easily  adapted  to  the  demands  put 
upon  it.  It  is  especially  useful  in  conjunction  with 
bichromate  batteries  of  the  Grenet  principle. 

While  the  best  depolarizers  are  liquid  there  are  other 
agents  Avhich  in  the  solid  state  are  acted  upon  by  hy- 
drogen. The  oxide  of 
copper  and  the  chlor- 
ide of  silver  are  two 
agents  most  frequent- 
ly used  for  this  pur- 
pose. When  they  are 
used  the  cells  are 
single-fluid  cells.  The 
positive  element,  as 


Fig.  27.— Paetz  Motoe  Batteey. 


in  other 
zinc. 

The  chemical  pro- 
cess which  takes 
place  in  this  form  of 
depolarizer  is  this:  The  oxygen  of  the  copper  oxide 

unites  with  the  hydrogen,  and  the  copper  appears  in 
the  metallic  state.  Or,  if  chloride  of  silver  is  used,  the 
hydrogen  and  chlorine  unite,  and  the  silver  appears  in 
its  metallic  state. 

The  Copper-Oxide  Cell  was  invented  by  Lelande 
and  Chapernon.  It  consists  of  a zinc  element  in  the 
form  of  a coil  suspended  from  the  top  of  the  vessel.  On 
the  bottom  rests  an  iron  cup  containing  oxide  of  copper. 
This  is  the  negative  element.  Recently  this  cell  nas 
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been  modified,  and  it  is  now  called  the  Edison-Lelande 
Cell.  The  improved  cell  consists  of  a glass  or  porcelain 
vessel  somewhat  larger  than  the  ordinary  cell.  Two 
plates  of  zinc  are  let  down  from  the  cover,  and  between 

these  two  plates  is  sus- 
pended a plate  made  of 
compressed  copper  oxide, 
care  being  taken  that  this 
cannot  make  contact  with 
either  of  the  zinc  plates. 
The  electrolyte  is  a forty 
per  cent,  solution  of  caus- 
tic potash  or  soda.  Such 
a cell  is  shown  in  Tig.  30. 

When  the  .Edison-Le- 
lande Cell  is  in  action, 
the  caustic  alkali  is  de- 
composed with  the  for- 

Jmation  of  the  zineate  of 

soda  or  potassium  as  the 

case  may  he.  The  hy- 
drogen unites  with  the 
oxygen  and  the  copper 
oxide  is  reduced  to  me- 
tallic copper. 

Since  there  is  a large 
exposure  of  zinc  and  the 
copper-oxide  plate  is  in 
close  proximity,  the  internal  resistance  is  very  little, 
and  such  a cell  will  give  a rather  heavy  current.  The 
voltage,  however,  is  comparatively  low,  being  less  than 


Fig.  28,— The  Grenet  Cell. 


SOURCES  OF  ELECTRICITY 


97 


one  volt.  A thick  film  of  heavy  oil  should  always 
cover  the  solution  in  these  cells. 

The  Chloride  of  Silver  Cell. — A cell  differing  some- 
what in  form  and  construction  from  most  of  those  in 
use  is  the  chloride  of  silver  cell.  It  consists  of  a 
rather  small  glass  vessel  with  a cork  fitting  the  upper 
end.  A rod  of  zinc  extends  from  the  bottom  of  the 

vessel  up  and  through 
one  side  of  the  cork. 
The  negative  element  is 
a wire  or  ribbon  of  silver 
around  which  a cylinder 
of  silver  chloride  is  cast. 
The  electrolyte  may  be 
a dilute  solution  of  sal 
ammoniac,  a solution  of 
common  salt  or  zinc  sul- 
phate. This  cell  is  shown 
in  Fig.  31. 

When  the  chloride  of 
silver  cell  is  in  action, 
the  hydrogen  unites  with 
the  non-metallic  element 
and  metallic  silver  ap- 

Fiu.  29.— Pj.unge  Battery.  1 

pears.  It  gives  an  E.  M. 
F.  of  1.1  volts.  On  account  of  its  small  size,  it 
does  not  give  a very  large  current,  but  its  compactness 
and  quite  uniform  action  make  it  especially  adapted  fox- 
portable  work  and  testing.  In  dentistry  it  would  be 
most  suitable  for  cataphoric  purposes. 

7 


Ol’EN-CIKCUIT  CELLS. 

The  term  “open  circuit”  applies  to  those  cells  which 
are  so  constructed  that  they  furnish  a good  current  for 
a short  time,  but  if  the  circuit  he  closed  for  any  length 
of  time  the  current  becomes  very  weak  and  may  cease 
altogether.  Some  of  these  cells  do  not  show  this  dimi- 
nution as  quickly  as  others,  and  even  when  their  pres- 
sure has  dropped,  they  promptly  recover.  On  the  other 
hand  there  are  some  which  on  closing  the  circuit 
quickly  diminish  in  power,  and  on  opening  the  circuit 
do  not  recover  for  a long  time.  Those  cells  which 
recover  promptly  are  generally  supplied  with  a 

depolarizer,  hut,  as  stated 
at  the  beginning  of  this 
chapter,  the  best  depolar- 
izers are  liquid  because 
they  are  capable  of  more 
quickly  entering  into 
chemical  combination 
with  the  hydrogen.  The 
other  class  of  depolariz- 
ers is  solid.  They  are 
slow  in  action  and  do  not 
quite  keep  pace  with  the 
formation  of  hydrogen, 
so  that  sooner  or  later  the 
cell  is  weakened  by  the 
formation  of  hydrogen  in  excess  of  that  liberated  or  oc- 
cluded bv  the  solid  depolarizer.  These  cells  are  fitted 
only  for  such  uses  as  employ  a current  for  a short 
length  of  time  and  with  intervals  of  rest. 


Fig.  30.— The  Edison-  Lf.lande 
Cell. 
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In  the  practical  use  of  some  cells  they  are  expected  to 
stand  for  months  and  even  years  in  some  cases,  and 
still  be  able  to  furnish  a current  at  any  time.  In  order 
to  do  this  it  is  important  that  there  shall  he  no  internal 
action  when  the  circuit  is  open  and 
when  the  cell  is  not  in  use.  These 
conditions  are  met  in  most  of  the 
open-circuit  cells  by  the  employment 
of  a solid  depolarizer.  This  type  of 
cell  forms  an  intermediate  class  be- 
tween those  cells  without  depolarizers 
and  the  closed-circuit  cells  described 
in  the  first  part  of  this  chapter.  When 
the  depolarizer  is  a liquid,  or  a 
double  liquid,  there  is  great  danger 
of  diffusion  during  the  intervals  of 
rest.  This  fault  is  overcome  by  the 
use  of  a depolarizer  which  is  a solid 
and  which  is  not  affected  by  the 
electrblyte. 

The  material  used  as  a depolarizer 
in  the  open-circuit  batteries  varies 
as  much,  perhaps,  as  the  exciting 
liquid  in  closed-circuit  cells.  The 
sulphates  and  chlorides  of  mercury, 
the  chlorates  of  potassium  and  so- 
Fig.  31.— Silver  chlo-  cl imiT,  and  the  peroxide  of  lead,  have 

ride  Cede. 

been  employed  for  this  purpose,  but 
the  black  oxide  of  manganese  is  the  one  most  generally 
used.  Whenever  such  a substance  is  employed  in  a 
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cell,  it  takes  tlie  place  of  a second  liquid  by  oxidizing 
the  hydrogen  before  it  reaches  the  negative  plate. 

The  Leclanche  Cell. — There  are  two  divisions  of  cells, 
each  having  its  typical  representative.  The  closed-cir- 
cuit cell  is  represented  by  the  gravity  cell,  which  has 
been  described,  and  the  open  circuit  is  represented  by 
the  Leclanche  which  will  now  be  taken  up. 


Fig.  32. — Declanche  Cell  with  Pokous  Cup. 


The  Leclanche  cell  takes  its  name  from  its  inventor, 
Leclanche,  a French  electrician.  The  cell  is  constructed 
with  and  without  a porous  cup.  When  the  cup  is  used 
at  all,  it  is  for  the  mechanical  purpose  of  a containing 
vessel  for  the  depolarizing  compound,  and  not  as  a par- 
tition for  separating  two  liquids.  A Leclanche  cell 
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with  a porous  cup  is  showu  in  Fig.  32.  A block  of  car- 
bon is  placed  in  the  center  of  the  porous  cup,  and  around 
it  is  packed  manganese  dioxide  and  graphite  or  pow- 
dered gas  carbon  which  have  been  thoroughly  mixed 
together.  The  porous  cup  is  then  sealed  by  pouring 
melted  pitch  on  the  top  of  the  powdered  carbon  and 
manganese.  It  is  a wise  provision  to  puncture  the 
layer  of  pitch  so  as  to  permit  the  free  escape  of  gas. 
The  porous  cup  is  then  placed  in  a glass  jar. 

The  positive  element  of  the  Leclanche  cell  is  a rod 
of  zinc  which  stands  alongside  the  porous  cup,  and  the 
electrolvte  is  a strong  solution  of  sal  ammoniac. 

If  the  zinc  and  sal  ammoniac  are  pure  no  change  will 
take  place  on  open  circuit  even  after  months  of  stand- 
ing ; when  the  circuit  is  closed,  however,  a chemical 
action  ensues.  The  zinc  is  attacked  by  the  chlorine  of 
the  ammonium  chloride,  and  ammonium  and  hydrogen 
are  liberated.  The  excess  of  ammonia  over  that  taken 
up  by  the  solution  escapes.  The  hydrogen  starts  for 
the  carbon  plate,  but  on  reaching  the  manganese  is  oxi- 
dized and  water  is  formed. 

The  chemical  reaction  may  be  represented  as  follows  : 

On  open  circuit: 

Zn  + 2NH4C1  + 2Mn02  + C. 

On  closed  circuit : 

ZnCl2  + 2NH3  + MN203  + TI20  + C. 

The  other  form  of  Leclanche  cell  is  one  which  does 
not  employ  the  porous  cup.  As  stated  before,  the  por- 
ous cup  acts  only  as  a mechanical  receptacle  for  the  pur- 
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.pose  of  holding  manganese  dioxide  about  the  carbon 
plate.  The  solution  is  the  same  on  either  side  of  the 
porous  wall,  so  that  there  is  no  object  in  separating  the 
fluids,  and  if  the  cup  can  be  omitted  the  resistance  will 
be  less. 


Pig.  33.— Leclanciue  Celt,  without  a Porous  Cup. 


In  order  to  do  this,  the  manganese  dioxide  must  be 
held  in  contact  with  the  carbon  by  some  other  means. 
Instead  of  the  manganese  being  loosely  mixed  with 
powdered  carbon,  it  is  found  that  it  can  be  incorporated 
in  the  carbon  block  at  the  time  of  its  manufacture,  and 
answer  the  purpose  of  an  oxidizer  almost  as  well.  Such 
a cell  is  shown  in  Fig.  33. 
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The  zinc  instead  of  being  in  the  form  of  a rod  is  a 
sheet  which  surrounds  the  carbon  block.  This  large 
exposure  of  surface  and  its  proximity  to  the  carbon 
materially  decreases  the  internal  resistance. 


Fig.  34.— Carbon  Porous  Cup  Cell. 


When  the  carbon  containing  the  manganese  dioxide, 
sometimes  called  agglomerated  carbon,  is  used,  the  de- 
polarization is  not  as  rapid  as  where  the  porous  cup  is 
employed.  This  is  due  to  the  fact  that  in  the  agglomer- 
ated form  the  structure  is  much  more  dense  than  where 
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tlie  manganese  is  loosely  mixed  with  the  graphite.  The 
slow  depolarization  of  this  form  of  cell  is  compensated, 
however,  by  the  reduced  internal  resistance  of  the 
battery,  and  by  its  simple  construction. 

The  Phoenix  Carbon  Company  has  a Leclanche  cell 
upon  the  market  which  is  illustrated  in  I ig.  34. 

At  first  sight,  it  appears  to  be  of  the  class  of  cells  pre- 
viously described,  namely,  cells  with  a porous  cup  ;but  in 
this  case  the  cup  is  composed  of  carbon,  and,  since  it  con- 
tains carbon,  it  has  not  the  function  of  a partition  like 


Fig.  35.  FIG-  36. 


that  afforded  by  earthenware  but  is  a receptacle  for  con- 
taining the  depolarizer.  Manganese  and  powdered  car- 
bon fill  the  carbon  cup.  The  advantages  claimed  for  this 
cell  are  its  efficiency  and  ease  of  renewal.  It  is  an  easy 
matter  to  refill  the  carbon  cup  with  fresh  manganese 
and  carbon.  The  carbon  of  the  containing  cup  is  quite 
porous,  so  that  there  is  free  interchange  through  its 
walls.  The  zinc  element  is  in  the  form  of  a sheet  which 
surrounds  the  carbon  element  at  a short  distance  from  it. 
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The  Vole  cell  as  shown  in  the  next  two  figures  has 
just  the  opposite  arrangement  as  to  the  carbon  element 
and  the  depolarizer.  The  carbon  is  in  the  center,  and 
surrounding  it  is  the  depolarizer  which  is  contained  in 
a bag.  This  also  permits  of  free  circulation  of  the  fluid. 


Fig.  37.— Laclede  Cell. 


The  cells  just  described  will  give  a current  of  about 
one  and  one-half  volts’  pressure  at  first,  but  the  aver- 
age working  pressure  is  about  one  volt.  This  class  of 
cells  is  best  suited  for  work  which  requires  small  cur- 
rent for  a short  time  such  as  ringing  a bell  or  the  opera- 
tion of  an  annunciator.  Its  use  in  dental  practice 
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would  be  for  such  work  as  cataphoresis  or  the  operation 
of  an  electric  mouth  lamp.  Since  the  cautery  and  root- 
dryer  usually  require  but  a few  minutes  for  each  opera- 
tion, a few  Leclanche  cells,  if  large  enough,  will  furnish 
sufficient  current. 

There  is  an  endless  variety  of  open-circuit  cells  now 
upon  the  market.  Most  of  these  are  essentially  Le- 
clanche cells.  The  carbons  and  agglomerated  carbons 
assume  a variety  of  shapes,  and  the  zinc  modifications 
are  no  less  numerous,  but  the  effort  is  principally  made 
in  the  direction  of  increasing  the  carbon  surface  and  at 
the  same  time  keeping  the  cell  as  compact  as  possible. 

/ 

OPEN-CIRCUIT  CELLS  WITHOUT  A DEPOLARIZER. 

This  form  of  cell,  except  one  of  its  peculiar  modifica- 
tions, the  dry  cell,  is  of  very  little  commercial  impor- 
tance. The  dry  cell  possesses  a feature  which  adapts  it 
to  certain  kinds  of  work  better  perhaps  than  any  other 
form.  This  and  the  chloride  of  silver  cell  are  the  only 
ones  that  are  suitable  for  portable  work. 

The  elements  used  in  this  class  of  cells,  with  one  or 
two  exceptions,  are  carbon  and  zinc,  and  generally 
the  efficiency  of  the  cell  depends  upon  the  size  and 
condition  of  the  surface  of  the  carbon  plate.  By  this 
is  meant  the  ability  of  the  carbon  plate  to' either  set 
the  hydrogen  free  in  bubbles  or  to  present  so  large  an 
area  of  surface  that  it  will  take  some  time  for  the  hydro- 
gen to  accumulate  in  such  quantities  as  to  interfere 
with  the  working  of  the  cell.  This  is  sometimes  called 
the  Laclede  cell,  and  is  shown  in  Fig.  37. 

The  Smee  Cell. — This  cell  is  one  of  the  oldest 
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forms,  and  was  invented  in  1840  by  an  English  elec- 
trician from  whom  it  takes  its  name.  This,  as 
shown  in  Fig.  38,  consists  of  two  sheets  of  zinc 

forming  the  positive  elec- 
trodes between  which  is 
suspended  a metal  plate 
covered  with  platinum. 
The  middle  plate  was  orig- 
inally made  of  silver 
which  was  platinized.  This 
being  expensive,  led  to  the 
discovery  that  a sheet  of 
copper  answered  for  the 
bulk  of  the  middle  plate. 
This  was  roughened  bv  an 
electro-deposit  of  copper 
upon  it.  A deposit  of  sil- 
ver was  then  added  and 
finally,  upon  this,  one 
Fig.  38.— Smee  Celt..  0f  platinum.  By  this 

means  the  plate  is  cheapened,  and  at  the  same  time 
made  a better  conductor.  The  object  of  rough- 
ening the  platinum  surface  is  to  mechanically  dislodge 
the  hydrogen.  A gas  under  these  conditions  will  rise 
from  a sharp  point  more  quickly  than  from  a smooth 


and  flat  surface. 

The  electrolyte  employed  in  the  Smee  cell  is  a dilute 
solution  of  sulphuric  acid.  When  the  circuit  is  closed 
this  acts  upon  the  zinc,  forming  zinc  sulphate  about 
the  zinc  electrode,  and  liberating  hydrogen  at  the  platin- 
ized plate  according  to  the  following  equation: 
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Zn  -)-  1I2804  = ZnbO.,  + 2H. 

The  Smee  cell  gives  an  electromotive  force  of  scarcely 
more  than  half  a volt,  and  since  the  only  method  em- 
ployed for  the  management  of  the  hydrogen  is  mechan- 
ical, viz.,  the  employment  of  a rough  surface,  it  is  evi- 
dent that  but  a short  time  will  elapse  until  the  whole 
surface  will  become  completely  covered  with  hydrogen 
and  activity  will  cease.  Such  a cell  is  fitted  only  for 
open-circuit  work. 

The  Law  Cell. — In  the  effort  to  find  a substitute  for 
the  expensive  platinum-covered  plate  of  the  Smee  cell, 
carbon  was  employed.  This  formed  a type  of  zinc- 
carbon  cells  without  depolarizers,  of  which  the  Law  cell 
is  an  example.  Instead  of  using  a rough  surface  of 
platinum  for  the  purpose  of  mechanically  setting  free 
the  hydrogen,  a large  block  of  carbon  is  employed.  The 
efficiency  of  such  a cell  depends  entirely  upon  the  extent 
of  carbon  surface  exposed,  and  the  condition  of  the  sur- 
face of  the  carbon.  The  carbons  used  in  all  of  this 
class  of  cells  are  either  very  large  in  bulk  in  proportion 
to  the  zinc  or  if  small  ai’e  deeply  grooved.  In  either 
case  they  present  a considerable  surface  for  the  libera- 
tion of  the  hydrogen.  An  advantage  is  gained  in  having 
the  surface  of  the  carbon  as  rough  as  possible  so  that 
the  hydrogen  will  escape  more  easily. 

The  Law  cell  shown  in  Fig.  30  has  a very  large  cylin- 
der of  carbon  the  ends  of  which  do  not  quite  meet. 
Within  this  cleft  stands  a rod  of  zinc.  Very  frequently 
the  cell  is  supplied  with  a second  carbon  cylinder  which 
is  suspended  in  the  center. 

The  amount  of  surface  afforded  by  the  zinc  rod  is 
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not  very  large,  and  it  is  not  necessary  that  it  should 
be,  for  the  reason  that  one  much  larger  in  proportion 
to  the  carbon  would  furnish  so  much  zinc  for  chem- 
ical action  that  the  waste  products  would  not  he  taken 
care  of  economically.  In  other  words,  the  hydro- 
gen developed  from  the  action  on  a larger  quantity 
of  zinc  would  be  more  than  could  he  disposed  of 
properly  by  the  carbon  surface.  The  capacity  of  such  a 

cell  depends  entirely 
upon  the  area  of  carbon 
surface  and  the  condi- 
tion of  that  surface. 
A small  bit  of  zinc 
will  give  rise  to  a very 
large  quantity  of  gas, 
and  it  may  be  stated 
that  in  the  practical 
working  of  a Law  cell 
the  area  of  zinc  should 
be  one-fiftieth  that  of 
the  carbon,  in  order 
that  the  latter  may 
properly  dispose  of  the 
hydrogen  that  is  gener- 
ated. 

Fig.  39.— The  Law  Cell. 

The  electrolyte  em- 
ployed in  the  Law  cell  is  a solution  of  sal  am- 
moniac, six  ounces  to  a quart  of  water.  If  the 

zinc  is  without  impurities,  it  may  stand  in  the  above 
solution  almost  indefinitely  and  no  action  will  take  place 
but,  if  the  external  circuit  be  closed.,  the  sal-ammoniac 
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solution  will  be  decomposed,  chlorine  acting  on  the  zinc, 
forming  zinc  chloride,  and  hydrogen  will  be  liberated 
at  the  carbon  plate. 

In  practice,  the  electromotive  force  of  the  Law  cell, 
like  all  others  of  this  type,  scarcely  exceeds  one  volt. 

A serious  objection  to  all  batteries  is  the  loss  of  the 
electrolyte  by  evaporation  and  the  creeping  of  the  salts. 
These  are  both  in  a measure  overcome  by  covering  the 
solution  with  a film  of  heavy  oil.  The  same  end  can  be 
accomplished  by  hermetically  sealing  the  cell.  This  is 
done  in  a cell  recently  put  upon  the  market  under  the 


Eig.  41.— Cover  with  Fig.  42.— Cover  with 

Depolarizer.  out  Depolarizer. 


name  of  the  Badt  Hermetic  cell,  which  is  illustrated  in 
Figs.  4-0,  41,  and  42. 

The  glass  jar  contains  a deep  groove  around  the 
mouth  into  which  a circular  projection  from  the  under 
surface  of  the  lid  is  received.  The  groove  in  the  jar  is 
then  filled  with  heavy  oil  which  makes  a hermetic  seal- 
ing of  the  cover  and  still  allows  escape  of  gas  from 
within.  The  lid  is  of  glass  and  the  connecting  posts  of 
each  element  are  sealed  where  they  pass  through  the 
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glass  by  rubber  washers  which  are  tightly  compressed 
above  and  below  by  means  of  a hexagonal  nut. 

The  cell  is  made  up  with  or  without  a depolarizer. 
Fig.  41  shows  a cover  with  a depolarizer  and 
42  one  without.  The  carbon  of  the  one  without 
the  depolarizer  is  of  large  surface  and 
is  fluted  on  the  inside. 

The  Dry  Cell. — This  type  of  cell 
has  come  into  favor  largely  on  ac- 
count of  its  cleanliness  and  portability. 
The  first  of  these  cells  was  called  the 
Gassner  dry  cell,  from  Doctor  Gassner. 
They  are  now  to  be  had  under  as 
many  names  as  there  are  manufact- 
urers of  them.  This  is  not,  strictly 
speaking,  a dry  cell.  There  can  be 
no  electrolytic  action  where  the  electro- 
lyte is  dry.  In  this  case  the  electro- 
lyte is  in  a semi-fluid  state,  moist  enough  to  supply  the 
conditions  for  electrolysis  and  yet  not  fluid  enough 
to  escape  upon  reversing  the  cell.  The  complete  cell 
is  usually  about  three  inches  in  diameter  and  six  or 
eight  inches  high.  It  is  made  of  a thick  sheet  of 
zinc  which  at  the  same  time  serves  as  the  positive 
electrode.  It  is  not  supplied  with  a top  or  cover  but  at 
one  side  is  attached  a binding  post. 

The  electrolyte  in  the  form  of  a thick  paste  is  filled 
in  the  zinc  can  to  a point  about  an  inch  from  the  top. 
A carbon  plate  two  inches  wide  and  the  same  length  as 
the  cell  is  then  pressed  down  in  tbe  center  of  the  paste 
till  it  is  within  an  inch  of  the  bottom.  In  order  to  fix 


Fig.  43.— A Dry 
Celr. 
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the  carbon  in  its  position  and  seal  the  paste,  melted 
pitch  is  poured  in  the  remaining  space.  The  carbon 
now  stands  an  inch  higher  than  the  zinc  and  to  this 
projecting  portion  is  attached  a binding  post. 

The  electrolyte  employed  in  a dry  cell  usually  con- 
sists of  a strong  sal-ammoniac  solution  made  into  a 
thick  paste  by  the  addition  of  starch.  In  some  cells, 
however,  the  paste  consists  of : 


Oxide  of  Zinc 1 part. 

Sal  ammoniac 1 part. 

Chloride  of  Zinc 1 part. 

Plaster 3 parts. 

Water 2 parts. 


The  electromotive  force  of  the  dry  cell  is  1.3  volts. 
The  current  supplied  by  this  cell  may  begin  with  six  or 
eight  amperes  on  short  circuit,  but  if  the  circuit  be  kept 
closed  there  is  a rapid  drop.  The  dry  cell  is  recom- 
mended for  those  uses  which  employ  small  current  arid 
is  especially  suitable  where  cleanliness  is  essential,  or 
where  a portable  cell  is  desired. 

The  size  of  the  cell  used  in  primary  batteries  varies 
somewhat,  and  yet,  except  the  chloride  of  silver  cell, 
the  range  of  size  in  nearly  all  commercial  cells  is  be- 
tween a quart  and  a gallon  measure.  The  increase  in 
the  size  of  the  cell  only  increases  the  volume  of  current 
in  amperes.  The  voltage  of  the  same  class  of  cells  is  the 
same  irrespective  of  the  size.  A cell  the  size  of  a 

thimble  will  give  as  high  voltage  as  one  as  large  as  a 
barrel.  This  is  because  the  voltage  depends  upon  the 
chemical  process,  and  chemism,  if  the  material  and  con- 
ditions are  proper,  takes  place  irrespective  of  the  size 
of  the  vessel  containing  the  elements.  The  chloride  of 
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silver  cell  will  give  a little  over  one  volt  pressure,  and 
yet  a Smee  cell  one  hundred  times  as  large  can  only 
furnish  half  a volt.  This  is  due  to  the  elements  which 
make  up  the  electrodes,  and  to  the  action  of  the  electro- 
lyte upon  them. 

While  the  increase  in  the  size  of  the  cell  does  not 
affect  the  voltage-  it  does  increase  the  volume  of  current 
in  amperes.  The  quantity  of  material  being  trans- 
formed by  the  chemical  process  into  lower  compounds, 
heat  and  electricity,  is  the  measure  of  the  current  that 
will  he  produced.  A small  quantity  of  zinc  being  acted 
upon  by  sulphuric  acid  gives  a very  small  current,  while 
a large  piece  of  zinc  being  acted  upon  will  give  a propor- 
tionately large  amount  of  current.  The  relation  be- 
tween the  size  of  the  cell  and  the  output  of  current  may 
he  summed  up  in  a few  words  by  saying  that  the  activity 
of  the  chemism  determines  the  voltage  of  the  cell,  and 
the  quantity  of  material  consumed  in  the  chemical  re- 
actions, determines  the  current  in  amperes. 

THE  BATTERY. 

When  a number  of  cells  are  connected  for  pro- 
ducing a current  they  are  called  a battery.  The  arrange- 
ment of  these  cells  is  governed  by  the  use  for  which  the 
battery  is  employed.  In  general,  there  are  two  methods 
of  grouping  the  cells : one  is  in  series  and  the  other  is  in 
'parallel.  A somewhat  complicated  plan  is  followed  for 
some  purposes  which  is  a combination  of  the  two  and 
is  called  the  series-parallel. 

When  the  zinc  plate  of  the  first  cell  is  connected  to 
the  carbon  of  the  second,  and  the  zinc  of  the  second  to 
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the  carbon  of  the  third,  and  so  on,  as  shown  in  Fig.  44, 
the  cells  are  connected  in  series. 

If,  however,  instead  of  connecting  the  carbon  of  one 


Fig.  44.-Cei.ls  Connected  in  Sekies. 


cell  to  the  zinc  of  the  next,  the  carbons  of  all  three  cells 
are  connected  to  one  wire  and  the  zincs  to  another  as 
shown  in  Fig.  45,  the  cells  will  he  connected  in  parallel. 


Fig.  45.— Cells  Connected  in  Parallel. 


The  amount  of  work  done  hv  either  arrangement  ot  the 
connections  will  be>  the  same.  So  long  as  either  system 
of  wiring  is  carried  out  through  all  the  cells,  the  number 
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of  watts,  (the  product  of  the  volts  into  the  amperes,) 
will  be  the  same  whether  the  cells  are  connected  in  a 
series  or  in  parallel.  There  is,  however,  this  marked 
difference  in  the  character  of  the  current  produced  by 
the  two  methods  of  connecting.  If  the  cells  he  con- 
nected in  series,  the  current  produced  will  be  high  in 
voltage,  hut  low  in  amperes,  and  if  they  are  connected 
in  parallel  the  current  will  be  high  in  amperes  and  low 
in  pressure.  'When  the  cells  are  connected  in  series, 
the  electromotive  force  of  each  cell  is  added  to  that  of 
the  others  so  that  we  get  a current  whose  voltage  is  equal 
to  the  sum  of  the  voltages  of  all  the  cells.  The  im- 
pulse given  the  current  on  leaving  the  first  cell  is  re- 
tained, and  from  each  succeeding  cell  through  which  it 
passes  it  receives  an  additional  impulse.  If  one  cell 
gives  an  electromotive  force  of  two  volts,  six  such  cells 
connected  in  series  will  give  twelve  volts. 

When  cells  are  arranged  in  parallel  by  connecting 
all  the  zincs  to  one  wire  and  all  the  carbons  to  another, 
we  have  practically  but  one  cell,  but  a very  large  one. 
The  electromotive  force  is  not  augmented  by  each  addi- 
tional cell  as  in  the  previous  arrangement,  but  the 
amount  of  current  in  amperes  is  increased.  The  reason 
for  this  is  that  each  zinc  has  the  same  electric  potential 
in  the  same  kind  of  cells,  and  when  they  are  all  con- 
nected as  in  the  parallel  arrangement,  there  can  be  no 
rise  in  potential.  Each  zinc,  however,  is  undergoing 
solution  and  the  current  in  amperes  arising  from  this 
flows  into  the  common  conductor  for  the  whole  set  of 
cells.  In  this  way  the  output,  of  the  cells  of  the  parallel 
battery  is  one  more  largely  of  amperes  than  of  volts. 
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The  difference  between  the  series  and  parallel  meth- 
ods of  connecting  the  cells  may  he  illustrated  by  sup- 
posing each  cell  to  be  a tank  of  water.  If  these  tanks 
be  placed  one  upon  the  other  and  then  connected 
by  tubing  from  one  to  the  other,  the  pressure  felt 
at  the  opening  from  the  one  lowermost  will  be  three 
times  as  great  as  before.  This  will  represent  the  series 
arrangment  of  cells  and  the  method  employed  for  get- 
ting current  of  high  voltage.  Xow  place  the  three  tanks 
side  by  side  with  their  respective  outlets  leading  into  a 
main.  The  pressure  at  each  outlet  will  be  only  one- 
third  as  much  by  the  above  arrangement,  but,  there 
being  three  such  outlets,  there  will  be  a larger  volume 
of  water  flowing.  This  represents  the  parallel  arrange- 
ment of  the  cells  and  the  work  which  can  be  done  bv  it 
will  be  equal  to  that  by  the  series  arrangement. 

THE  DYNAMO. 

The  production  of  an  electric  current  of  commercial 
value  is  due  to  the  invention  and  perfection  of  the 
dynamo.  The  incandescent  and  arc  lights,  the  motive 
power  for  railways,  for  factories,  and  for  private  pur- 
poses, as  well  as  the  heavy  currents  employed  in  weld- 
ing, in  electrolysis,  and  for  electroplating,  are  all  sup- 
plied by  currents  generated  by  the  dynamo.  The  cur- 
rents supplied  by  the  thermopile  and  the  galvanic  bat- 
tery are  feeble  indeed  when  compared  with  the  possible 
output  of  the  dynamo.  In  fact,  the  dynamo  current 
is  limited  only  by  the  mechanical  problems  of  heavy 
machinery.  ' The  dynamo  as  it  is  to-day  perfected,  is  a 
remarkable  invention,  for  it  is  capable  of  converting 
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ninety-seven  per  cent,  of  the  energy  supplied  it  into 
electricity. 

v 

The  dynamo  is  the  outgrowth  of  two  discoveries. 
The  first  and  more  important  was  made  by  Faraday  in 
1S31,  when  he  found  that  an  electric  current  was  gen- 
erated in  a conductor  when  it  was  moved  across  a mag- 
netic field.  The  second  was  the  discovery  in  1S6G  that 
the  substitution  of  electromagnets  for  the  permanent 
magnets  of  the  field  very  largely  increased  the  output 
of  the  machine.  Faraday  announced  that  “when  a con- 
ductor is  moved  in  a magnetic  field  so  as  to  cut  the  lines 
of  force,  there  is  an  electromotive  force  induced  in  the 
conductor,  in  a direction  at  right  angles  to  the  direction 
of  the  motion,  and  at  right  angles  also  to  the  direction 
of  the  lines  of  force.”  If  a piece  of  wire  be  passed 
in  front  of  the  poles  of  a horseshoe  magnet,  it  will  dem- 
onstrate the  above  announcement  of  Faraday  and  that 
is  practically  what  we  have  in  the  magneto-machine  of 
to-day.  It  is  simply  one  of  induction.  The  wire  cuts 
the  lines  of  force  of  the  magnet  and  in  so  doing  a cur- 
rent of  electricity  is  set  up  in  the  wire. 

It  is  not  the  best  method  mechanically  to  rapidly  pass 
a wire  back  and  forth  by  a reciprocating  motion ; but 
if  the  wire  be  mounted  on  a spindle  in  such  a manner 
that  by  the  revolution  of  the  spindle  the  wire  is  passed 
in  front  of  the  magnet  with  each  revolution,  a very 
rapid  movement  can  be  obtained  and  a current  will  be 
produced  in  the  wire  which  will  he  proportionate  to  the 
speed  of  the  spindle.  When  so  arranged  it  is  essentially 
what  is  known  as  the  armature  of  the  dynamo,  and 
it  becomes  more  efficient,  if  the  spindle  upon  which  the 
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wire  is  wound  be  of  soft  iron  so  as  to  form  part  of  t lie 
magnetic  circuit.  The  revolving  wire  with,  its  iron 
core  is  then  an  electromagnet  with  the  wire  wound  longi- 
tudinally. These  are  the  principles  embodied  in  Fara- 
day’s discovery.  They  were  employed  in  a practical 
form  in  the  machines  xised  up  to  1800  and  are  to-dav 
known  as  the  faradic  or  magneto.  The  simple  faradic 
machine  is  shown  in  Fig.  40.  This  is  used  for  giving  a 
light  alternating  current  for  experimental  purposes. 


Fig.  46.— The  Magis'kto. 


The  most  practical  use  made  of  the  magneto  is  in  tele- 
phone service,  where  it  is  employed  to  ring  the  bell. 
The  inside  of  a telephone  with  the  magneto  is  shown  in 
Fig.  47. 

The  magneto-dynamo  consists  of  three  parts:  the 
field,  armature,  and  commutator. 

The  distinguishing  feature  of  this  machine  lies  in 
the  field.  This  is  a permanent  magnet,  and  the  effi- 
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ciency  depends  upon  the  strength  of  its  magnetization. 
The  output  of  the  magneto  is  limited  by  the  degree  to 
which  the  permanent  magnet  is  magnetized.  When 
new,  it  is  magnetized  to  saturation  and  the  machine  is 
quite  efficient ; but  it  has  been  found  that  the  magnetism 
slowly  wastes  and  in  the  course  of  time  the  machine  is 
worthless  unless  the  field  be  remagnetized. 


Fig.  47. 


The  magnet  is  usixally  of  IT  shape,  and  in  many  cases 
several  are  placed  side  by  side  forming  a compound 
magnet  as  seen  in  Figs.  46  and  47.  Those  machines 
which  have  the  armature  placed  between  the  poles  of 
the  magnet,  have  the  latter  so  shaped  as  to  conform 
to  the  periphery  of  the  armature.  In  another  style  of 
this  machine  the  armature  is  placed  at  the  side  of  the 
poles,  and  in  this  case  the  poles  are  plain  surfaces. 
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The  better  class  of  these  machines  have  the  poles  tipped 
with  pieces  of  soft  iron. 

It  does  not  matter  whether  the  armature  revolves 
within  the  held,  or  whether  the  held  revolves  about 
the  armature  for  the  production  of  the  current,  but  it  is 
usually  customary  to  hx  the  held  in  its  position  because 
of  its  greater  weight  and  hulk.  When  the  held  is  the 
stationary  part  the  general  type  is  of  U shape  with  the 
ends  enclosing  the  armature. 

The  armature  of  the  magneto  is  usually  an  iron  core 
having  a longitudinal  slot  in  which  the  wire  is  wound. 
The  core  is  of  soft  iron  and  is  mounted  so  as  to  rotate 
between  the  pole  pieces  of  the  held  magnets.  The  more 
closely  it  is  htted  between  the  pole  pieces,  the  more 
efficient  will  he  the  machine  because  of  the  better  mag- 
netic circuit. 

The  winding  of  the  armature  core  in  the  magnetos 
of  to-day,  since  they  are  used  for  light  work,  is  quite 
simple.  It  is  usually  of  the  Siemens  or  shuttle  type. 
Two  deep  slots  are  cut  its  entire  length  at  diametrically 
opposite  positions.  These  are  wound  with  insulated 
copper  wire,  and  the  two  ends  are  connected  to  separate 
rings  or  to  the  segments  of  a two-part  commutator,  ac- 
cording to  the  character  of  the  current  that  is  to  be  pro- 
duced by  the  machine.  If  the  ends  are  attached  to  sepa- 
rate rings  on  the  shaft,  the  current  taken  from  these 
will  he  of  the  same  character  as  that  which  flows  through 
the  coil  during  its  entire  revolution,  and  will  change 
from  positive  to  negative  in  one  revolution  as  the  two 
poles  are  passed.  Tf,  however,  the  ends  of  the  wire  are 
attached  to  two  pieces  of  metal  placed  diametrically 
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opposite  upon  the  shaft  and  insulated  from  one  another, 
then  the  current  taken  off  by  the  brushes  will  be  direct 
but  interrupted  because  of  the  small  number  of  coils.  If 
more  coils  are  used  the  current  will  not  be  interrupted, 
but  will  become  pulsating  with  smaller  waves  as  the 
number  of  segments  is  increased. 


The  Commutator  is  that  part  of  the  magneto  by 
which  the  current  generated  in  the  armature,  is  con- 
ducted to  the  external  circuit.  If  an  alternating  cur- 
rent is  desired,  the  two  wires  just  referred  to  are  at- 
tached  to  separate  rings  which  surround  the  spindle  at 
one  end  and  against  which  brushes  are  in  light  contact; 
but  if  a pulsating  current  be  desired  the  two  wire  termi- 
nals of  the  armature  are  fastened  to  two  metal  segments 
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which  about  half  way  surround  the  spindle,  as  shown  in 
Fig.  48,  and  against  which  brushes  bear.  Where  the 
rings  are  used  each  end  of  the  wire  of  the  shuttle  is 
always  connected  with  the  same  wire  of  the  external 
circuit,  but  where  the  commutator  is  used,  with  every 
half  revolution  of  the  shuttle  armature  there  is  a re- 
versal in  the  connections  with  the  external  circuit  which 
occurring  at  the  same  moment  that  the  current  reverses 
its  direction,  produces  a direct  current  in  the  wires 
leading  from  the  armature. 

By  the  use  of  rings  an  alternating  current  is  pro- 
duced in  the  following  manner.  If  we  suppose,  for  the 
sake  of  clearness,  that  a single  wire  is  passed  in  a circle 
between  the  poles  of  a magnet  as  an  armature  would 
revolve,  when  it  approaches  the  positive  pole,  current 
will  flow  through  the  wire  in  a given  direction,  and  as 
it  approaches  and  passes  the  negative  pole  the  electric - 
current  will  reverse  its  direction.  So  it  is  with  the 
magneto  with  rings.  As  the  coils  on  the  opposite  sides 
of  the  core  pass  the  two  poles  of  the  magnet,  a current 
is  caused  to  flow  in  a given  direction  through  the  wire 
and  as,  during  the  course  of  a revolution  of  the  arma- 
ture, the  coils  approach  and  pass  the  opposite  magnetic 
poles,  the  direction  of  the  current  in  the  wire  is  reversed. 

When,  instead  of  rings,  the  commutator  is  employed, 
the  reversal  of  direction  of  current  does  not  occur,  but 
in  its  stead  we  have  a flow  of  current  in  one  direction 
but  of  pulsating  character.  As  each  coil  on  either  side 
of  the  shuttle  passes  the  poles,  current  flows  in  a given 
direction.  As  the  coils  approach  the  point  midway  be- 
tween the  poles  of  the  magnet  and  the  electric  current 
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lias  decreased  to  zero  and  is  about  to  change  its  direction, 
the  segment  on  the  commutator  slides  under  the  brush 
which  conducts  current  of  the  polarity  which  its  coil  is 
receiving.  In  other  words,  during  the  course  of  a revo- 
lution of  the  armature,  while  one  side  is  sending  off  a 
positive  current,  it  is,  by  means  of  the  commutator  and 
brush,  connected  with  the  positive  wire,  and  when  the 
same  coil  has  had  its  current  reversed  during  the  other 
half  of  the  revolution,  it  is  automatically  put  in  connec- 
tion with  the  negative  wire.  And  so  the  movement 
keeps  up.  During  the  time  that  the  coil  is  nearest 
the  pole  the  curve  is  highest  and  it  drops  to  zero  when 
the  coil  reaches  the  point  midway  between  the  two  poles 
of  the  magnet. 


THE  ELECTRO-DYNAMO. 

The  distinguishing  feature  between  the  magneto  and 
the  dynamo  lies  in  the  field.  The  field  of  the  magneto 
is  made  up  of  one  or  more  permanent  magnets,  whereas 
the  field  of  the  dynamo  is  made  up  of  electromagnets. 
While  the  discovery  of  Faraday  is  the  foundation  of 
dynamo-electricity,  it  only  became  of  commercial 
value  by  the  substitution  of  electromagnets  for  the  per- 
manent magnets  of  the  field.  This  discovery  was  al- 
most simultaneously  made  by  Farmer,  Varley,  and  Sie- 
mens in  1866.  The  magnetism  of  a permanent  magnet 
is  necessarily  limited,  while  that  of  the  electromagnet 
is  limited  only  by  the  mechanical  problems  of  heavy 
machinery.  The  electrical  energy  generated  by  a 
dynamo  of  a given  size  and  weight  is  much  greater  than 
that  developed  hv  the  best  gas  or  steam  engine  of  like 
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proportions.  This  is  due  to  the  fact  that  an  electro- 
magnet, so  small  and  simple  in  itself  comparatively, 
and  yet  capable  of  so  much  power,  is  the  central  organ 
of  the  modern  dynamo.  The  output  of  the  dynamo  is 


Fig.  49. -Two  Pole  Dynamo. 

dependent  upon  the  rapidity  with  which  the  moving 
part  cuts  the  lines  of  force,  and  herein  lies  a feature  of 
the  greatest  importance.  The  motion  of  the  moving 
part  is  rotary  instead  of  reciprocating,  and  larger  and 
heavier  masses  may  he  put  in  rotary  motion  than  would 
he  allowable  with  reciprocal  movements.  When  we  con- 
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sider  the  large  output  of  energy  for  the  mass  and  the 
possibilities  of  rotary  motion  of  the  moving  parts,  the 
wonderful  performances  of  the  dynamo  can  be  under- 
stood. 

The  modern  dynamo,  like  the  magneto,  consists  of 
three  essential  parts,  the  field,  the  armature,  and  the 
commutator,  or  rings.  The  field  is  usually  the  larger 
and  heavier  part,  and  is  fixed  in  its  position.  This  en- 
closes a smaller  organ  which  revolves,  called  the  arma- 


Fig.  50.— Two  Pole  Dynamo. 


ture.  Upon  one  end  of  the  armature  shaft  is  an  appli- 
ance which,  in  connection  with  the  brushes,  is  for  con- 
ducting off  the  current.  This  mav  be  in  the  form  of 
separate  plates,  one  for  each  coil  of  wire  in  the  arma- 
ture, called  the  commutator,  or  it  may  be  in  the  form 
of  two  separate  bands  known  as  the  rings.  It  is  upon 
the  employment  of  either  the  commutator  or  rings  that 
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dynamos  are  divided  into  two  great  classes  known  as 
direct  current  generators,  and  alternators. 

DIRECT-CURRENT  GENERATORS. 

The  field  of  the  direct-current  generators  is  simply 
an  electromagnet.  In  the  earlier  forms  of  dynamos, 


Fig.  51.— Fouii-Pole  Dynamo. 

and  at  this  day  in  the  smaller  machines  the  field  is  of 
I shape  as  shown  in  Fig.  49.  As  the  dynamo  was  per- 
fected and  as  the  demands  for  larger  machines  increased, 
the  field  assumed  more  or  less  the  form  of  an  enclosing 
frame  until  to-day  the  large  dynamos  have  a field  per- 
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fectlv  circular  in  design.  If,  however,  one  of  these  he 
examined  it  will  be  found  that  it  is  not  one  large  electro- 
magnet, but  it  is  made  up  of  a number  of  electromagnets 
placed  side  by  side  so  as  to  give  the  circular  appearance 
of  the  field.  The  first  step  in  this  direction  was  the 
use  of  two  U-shaped  electromagnets  facing  one  another 
with  the  poles  at  the  point  of  junction  as  shown  in  Uig. 
50.  Such  a field  has  but  two  poles.  Soon,  however, 
the  magnets  were  separated  a short  distance  which  made 
four  poles  instead  of  two,  as  shown  in  Uig.  51. 


Fig.  62. — Diagram  of  Magnetic  Circuits  in  a Quadri-Porar 

Dynamo.  * 

These  poles  were  properly  shaped  and  placed  at  such 
points  as  to  he  equally  distant  from  one  another.  This 
was  followed  by  enlargement  of  the  circle  and  the  inser- 
tion of  more  electromagnets,  hut  always  in  pairs,  until 
to-day  the  field  of  the  largest  dynamos  has  the  appear- 
ance of  a complete  ring  with  its  many  poles  pointing 
towards  the  center. 
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There  appeared  to  be  a limit  to  the  size  at  which  bi- 
polar dynamos  were  proportionately  efficient,  so  that  for 
mechanical  considerations  the  multi-polar  type  of  dyna- 
mos came  into  use.  As  the  subject  of  dynamo  construc- 
tion was  further  studied,  it  was  found  that  a field  in 
the  form  of  a solid  iron  ring  was  of  great  advantage. 
It  not  only  simplified  the  construction  hut  offered  a bet- 
ter magnetic  path. 

There  will  always  he  found  an  even  number  of  mag- 
nets in  the  muti-polar  machines.  These  are  wound  so 
as  to  he  of  alternately  positive  and  negative  polarity  in 


Fig.  53.- Armatuke. 


counting  around  the  circle,  and,  except  in  especially  con- 
structed machines,  the  number  of  brushes  to  take  the 
current  from  the  commutator  is  equal  to  the  number  of 
poles  of  the  machine. 

It  may  seem  s'trange  that  a large  iron  ring  with  a 
dozen  or  more  inwardly  pointing  poles  may  have  every 
alternate  one  of  opposite  polarity : hut  this  can  be  under- 
stood if  we  bear  in  mind  that  the  polarity  of  a magnet 
is  strongest  at  the  poles,  and  that  there  is  a neutral  point 
half  way  between  the  two  poles.  The  neutral  point  is 
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represented  by  the  circumferential  ring  which  joins  the 
several  magnets.  This  ring  simply  acts  as  a path  for 
magnetic  flux.  A positive  pole  is  joined  on  either  side 
to  a negative  pole,  and  if  we  suppose  the  magnetic  flux 
to  be  from  the  positive  to  the  negative  pole,  the  path  di- 
vides at  the  circumference,  half  going  in  either  direc- 
tion. This  is  diagrammatically  shown  in  Fig.  52. 

As  a matter  of  fact,  the  field  of  a multi-polar  machine 
is  made  up  of  a number  of  electromagnets  which  are 
attached  to  and  use  a common  yoke  which  is  represented 
bv  the  heavy  circumferential  casting. 

The  Armature  is  the  revolving  organ  of  the  dynamo. 
There  are  a few  exceptions,  however,  in  which  the  field 
revolves  or  in  which  both  the  armature  and  the  field  are 
stationary  and  the  magnetic  connection  between  the  two 
revolves,  known  as  inductor  dynamos,  but  the  form 
most  frequently  met  with  is  that  in  which  the  armature 
revolves. 

The  armature  occupies  the  space  between  the  pole 
pieces  and  is  carefully  balanced  so  as  to  insure  smooth 
running.  The  efficiency  of  the  dynamo  depends  largely 
upon  the  close  adjustment  of  the  armature  between  the 
pole  pieces ; hence  we  find  the  circumference  of  the 
armature  perfectly  true  as  it  revolves,  and  the  inner 
surfaces  of  the  pole  pieces  smoothly  dressed  and  closely 
embracing  the  armature.  Only  sufficient  space  is  al- 
lowed between  the  pole  pieces  and  the  armature  to  insure 
free  rotation  of  the  latter. 

Armatures  are  divided  into  two  general  classes  accord- 
ing to  the  construction  of  the  core,  the  drum  armature 
of  Siemens  and  the  ring  armature  of  Gramme.  The 
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iron  of  which  the  core  is  made  is  a much  better  conductor 
of  lines  of  force  than  air,  and  for  that  reason  it  is  used 
to  fill  in  the  space  between  the  poles.  It  may  be  in  the 
form  of  a solid  drum  or  it  may  be  as  a ring  or  cylinder, 
and  it  is  upon  this  point  that  armatures  are  divided, 
into  the  above  two  classes. 

The  first  drum  armatures  were  composed  of  a solid 
piece  of  iron,  but  it  was  found  that  these  cores  would 
unduly  heat  from  the  formation  of  electric  currents 
within  them,  called  Foucault  or  eddy  currents,  which 
were  both  troublesome  and  wasteful.  The  fault,  how- 
ever, was  soon  overcome  by  building  up  the  drum  of 
many  pieces  of  iron.  The  drum  cores  of  to-day  are  con- 
structed by  placing  upon  the  armature  shaft  a pile  of 
sheet  iron  discs  equal  to  the  length  of  the  armature  core. 
This  is  further  improved  by  separating  the  discs  one 
from  the  other  by  a thin  layer  of  paper. 

The  first  drum  cores  were  wired  by  winding  the  wire 
upon  the  surface,  called  surface  winding,  but  for  me- 
chanical reasons  as  well  as  electrical,  it  was  found  better 
to  mill  out  the  discs  in  longitudinal  grooves  and  imbed 
the  wires  in  the  grooves.  By  the  latter  method  there,  is 
a better  means  for  driving  the  wires,  the  teeth  of  the 
discs  may  be  brought  closer  to  the  pole  pieces  with 
safety  than  wire  covered  surfaces,  the  wires  are  pro- 
tected, and  the  drag  comes  upon  the  teeth  of  the  core  in- 
stead of  upon  th'e  wires. 

The  ring,  or  Gramme  armature,  differs  from  the 
drum  armature  in  two  respects,  the  form  of  the  iron 
core,  and  the  method  of  wiring.  As  we  have  just  seen, 
the  drum  armature  is  a solid  mass  of  iron,  whereas  the 


SOURCES  OF  ELECTRICITY 


131 


ring  armature,  as  its  name  indicates,  is  in  the  form  of  an 
iron  ring.  Since  the  cross-section  of  the  iron  must  he 
sufficient  to  carry  the  lines  of  force,  it  is  evident  that 
such  a core  must  be  of  larger  diameter  than  a drum  core. 
It  is  for  this  reason  that  we  find  the  variations  in  the 
proportionate  bulk  of  the  field  and  the  armature.. 
Dynamos  of  the  same  type  and  the  same  capacity  have 
quite  a different  appearance,  depending  upon  the  style 
of  armature.  Those  using  the  drum  armature  have  the 
appearance  of  being  quite  compact,  while  those  which, 
use  the  ring  armature  increase  in  proportions  according 
to  the  diameter  of  the  ring. 

In  the  smaller  machines,  the  ring  is  made  up  of  a 
bundle  of  soft  iron  wires  for  the  purpose  of  avoiding 
eddy  currents  and  in  the  best  armatures  these  wires  are 
heavily  varnished  to  insure  less  metallic  contact  with 
one  another.  When  round  wires  are  employed  for  this 
purpose,  the  cross-section  of  the  ring  is  one-fourth  larger 
than  a solid  ring  of  the  same  cross  section  of  metal. 
This  may  he  overcome  by  using  square  wire  as  we  find 
in  some  instances.  The  larger  cores  for  ring  armatures 
however,  are  made  up  in  a manner  resembling  the  drum 
armature.  Thin  washers  of  sheet  iron  are  assembled 
till  the  proper  thickness  has  been  obtained.  These 
rings  are  separated  from  one  another  by  a layer  of 
paper.  They  are  then  clamped  together  and  mounted 
upon  a spider-shaped  center. 

The  ring  armature  is  wound  in  a different  manner 
from  that  employed  in  drum  winding.  In  the  drum 
armature,  the  wires  are  wound  upon  or  in  the  periphery 
of  the  drum,  being  carried  longitudinally  around  it 
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much  like  twine  is  wound  on  a ball,  whereas,  the  ring 
armature  is  wound  in  a manner  resembling  the  binding 
of  the  tire  to  the  felly  of  a wheel.  The  conducting  wire 
is  wound  around  the  bundle  of  iron  wires  constituting 
the  core  in  a manner  as  if  to  hold  them  together.  In 
the  winding  process  the  shuttle  holding  the  wire  is  car- 
ried over  on  the  outside  and  is  returned  on  the  inside. 

Each  of  the  foregoing  armatures  has  its  advantages 
and  disadvantages.  The  drum  armature  requires  less 
wire,  is  free  from  false  inductions,  and  has  less  cross- 
magnetic  tendency.  Its  disadvantages  are,  greater  diffi- 
culty of  construction,  danger  of  short  circuiting  due  to 
overwrapping  of  end  conductors,  the  difficulty  of  ventila- 
tion, and  the  difficulty  of  repair. 

The  ring  armature  possesses  the  advantages  of  simple 
and  easy  construction.  The  coils  being  wound  around 
the  ring  are  not  displaced  by  centrifugal  force.  There 
is  no  limitation  to  the  diameter  of  a ring  armature,  and 
as  the  diameter  increases  the  rotary  speed  may  be  de- 
creased. A great  advantage  found  in  the  ring  armature 
is  its  open  construction  which  permits  of  good  ventilation 
for  keeping  down  the  heat.  Another  feature  is  the  ease 
of  repair;  a defective  coil  may  be  replaced  without  dis- 
turbing the  others. 

The  disadvantages  of  the  ring  armature  are  the  return 
wires  which  add  weight  and  expense  without  increasing 
the  efficiency. 

The  design  of  the  armature  has  much  to  do  with  the 
speed  at  which  it  revolves.  Since  the  drum  armature 
is  as  a rule  of  less  diameter  than  the  ring  armature,  it 
is  apparent  that  in  order  that  its  wires  cut  the  same 
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number  of  lines  of  force,  the  number  of  revolutions 
must  be  greater  than  where  the  wires  are  on  the  periph- 
ery of  a larger  circle.  Consequently  the  speed  of  the 
smaller  armature  must  be  inversely  proportionate  to  its 
circumference,  and  it  must  revolve  at  a much  higher 
rate  than  a larger  armature. 

The  commutator  is  the  third  essential  part  of  the  dy- 
namo. This,  in  conjunction  with  the  brushes,  is  em- 
ployed for  commuting  and  carrying  off  the  current 
to  the  main.  If  it  were  not  for  this  device  the  direction 
of  the  current  would  be  entirely  reversed  with  each 


revolution  of  the  armature.  As  it  is,  however,  by  means 
of  the  commutator  and  its  relation  to  the  brushes,  the 
current  of  each  coil  is  carried  off  while  it  is  in  the  same 
and  proper  direction.  Those  dynamos  which  have  no 
means  for  commutation  but  whose  currents  are  taken 
off  by  brushes  bearing  upon  collecting  rings,  furnish  cur- 
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rents  which  form  a distinct  class  of  generators  called 
■alternators. 

The  commutator  as  shown  in  Fig.  54,  is  made  up  of 
.a  number  of  copper  ribs  which,  while  electrically  in- 
sulated from  one  another  are  firmly  bound  together  in 
the  form  of  a barrel.  Each  rib  or  segment  is  dove- 
tailed, and  when  the  full  number  is  assembled  they  are 
•separately  insulated  by  layers  of.  mica.  Cone-shaped 
mica  washers  are  placed  at  the  ends,  and  bell-shaped 
metal  caps  which  fit  upon  the  mica  washers  are  screwed 
so  tightly  together  as  to  firmly  bind  the  whole  as  one. 
After  being  mounted  upon  the  armature  shaft,  it  is 
Turned  true  and  made  smooth.  At  the  inner  end  each 
segment  is  slotted  so  as  to  receive  a wire  connecting  with 
a coil  or  coils  of  the  armature.  On  account  of  the 
amount  of  wear  to  which  the  commutator  is  subject,  the 
segments  are  usually  deep  enough  to  allow  of  being 
dressed  a great  many  times  before  being  worn  out. 

In  the  course  of  the  entire  revolution  of  the  armature 
each  of  its  coils  is  caused  to  successively  pass  in  front  of 
the  north  and  south  pole  of  the  field  magnet ; and  the 
current  generated  in  every  coil  has  been  first  posi- 
tive and  then  negative,  and  has  been  completely  re- 
versed. How  it  is  by  means  of  the  commutator  and  its 
relation  to  the  brushes,  as  already  referred  to  in  connec- 
tion with  the  magneto,  that  at  the  moment  each  arma- 
ture coil  is  furnishing  its  fnllest  positive  or  negative 
current  it  passes  under  the  positive  or  negative  brush 
and  is  put  in  direct  connection  with  the  mains  to  which 
it  delivers  its  charge.  Tn  the  small  machines  with  an 
armature  of  the  shuttle  type,  as  a coil  passes  a pole,  the 


SOURCES  OF  ELECTRICITY 


185 


current  directed  to  each  brush  rises  and  falls  to  the 
extent  of  being  almost  an  interrupted  current;  whereas, 
in  the  larger  machines,  the  larger  number  of  coils  suc- 
cessively passing  under  the  brush  and  delivering  their 
current  at  its  fullest  strength,  produces  a current  that 
is  practically  continuous.  It  is  for  this  reason  that 
these  machines  are  frequently  called  continuous-current 
dynamos.  The  smoothness  of  a dynamo-current  de- 
pends upon  the  number  of  coils  in  the  armature.  Con- 
sequently we  find  those  intended  for  incandescent  light- 
ing and  the  like  to  have  a large  number  of  coils,  and, 
since  each  coil  is  connected  with  a bar  in  the  commuta- 
tor, we  will  find  a commutator  with  the  number  of  bars 
equal  to  the  coils  of  the  armature. 

The  current  is  taken  from  the  commutator  by  means 
of  brushes  also  shown  in  Fig.  54.  These  are  intended 
to  bear  upon  the  commutator  just  heavy  enough  to  make 
electrical  connection,  but  not  so  heavily  as  to  cause  de- 
structive wear.  It  is  also  important  that  the  contact 
surface  be  large  enough  to  carry  the  current  without 
heating.  For  this  purpose  a brush  made  up  of  many 
laminations  of  copper  leaf  is  very  satisfactory.  This  is 
not  only  flexible,  but  each  leaf  makes  a distinct  con- 
tact. This  form  of  brush  may  be  further  improved  by 
sawing  slots  longitudinally  through  half  the  length  of 
the  brush.  A brush  made  of  woven  wire  possesses  ad- 
vantages of  flexibility  and  many  points  of  contact.  Car- 
bon is  also  largely  used  for  brushes  and  has  points  of 
advantage  over  metal  brushes.  It  does  not  wear  the 
commutator  as  do  metal  brushes,  and  may  be  used  where 
the  direction  of  the  armature  is  reversed".  When  lam- 
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inatecl  brushes  are  used,  the  angle  at  which  they  bear 
upon  the  commutator  endangers  catching  the  brush  upon 
reversing  the  armature.  When  carbon  brushes  are 
used,  however,  they  may  be  mounted  at  an  angle,  or 
they  may  be  made  to  bear  directly  end  on.  These 
brushes  operate  equally  well  with  the  armature  revolv- 
ing in  either  direction.  They  are  mounted  in  a spring- 
operated  holder  which  is  insulated  from  the  framework 
of  the  machine.  If  the  brushes  are  of  copper,  they  are 
frequently  fixed  so  as  to  bear  lightly  upon  the  commu- 
tator, and  their  elasticity  is  depended  upon  for  keeping 
the  contact.  When  carbon  is  used,  however,  it  is  neces- 
sary to  keep  it  flexibly  in  contact  with  the  commutator 
which  is  done  by  means  of  a small  spring,  the  tension 

of  which  is  regulated  by  a thumb-screw. 

\ 

\ 

THE  WINDING  OF  TIIE  DYNAMO. 

The  purpose  for  which  a dynamo  is  to  be  employed 
determines  the  method  of  winding.  There  are  three 
principal  methods,  the  series,  the  shunt,  and  the  com- 
pound. 

A series-wound  dynamo  is  one  in  which  one  of  the 
terminals  of  the  field  is  connected  with  one  of  the 
brushes  so  that  a current  must  flow  through  the  field  and 
the  armature  in  series.  This  is  shown  in  Fig.  55. 

In  this  method  of  winding  the  current  traverses  a 
single  route  of  low  resistance,  first  through  the  armature 
coils,  then  through  the  field,  and  then  through  the  ex- 
ternal circuit.  All  the  current  output  of  the  machine 
must  be  carried  through  the  armature  and  field  in  suc- 
cession, consequently  the  wire  with  which  these  are 
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■wound  must  be  large  enough  in  cross-section  to  carry 
the  current  without  heating. 

The  effect  of  connecting  the  armature  in  series  with 
the  held  is  to  produce  a current  which  varies  inversely 
as  the  resistance  in  the  external  circuit.  Any  increase 
in  the  resistance  of  the  external  circuit  tends  to  decrease 
the  How  of  current  through  the  field  and  armature,  with 
the  result  that  the  electromotive  force  is  lowered.  In 
order  to  keep  the  voltage  of  the  series  machines  at  a 
uniform  pressure,  it  is  customary  to  shift  the  position 


of  the  brushes,  either  automatically  or  by  hand.  The 
brushes  are  mounted  upon  an  annular  hearing  outside 
of  the  commutator  in  such  a manner  that  they  may  he 
easily  moved  in  either  direction  as  the  work  put  upon 
the  machine  demands. 
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The  sei  ies-wound  dynamo  is  especially  fitted  for  arc- 
lighting. Each  lamp  requires  a steady  current  in  am- 
peres, and  the  pressure  necessary  for  preserving  the 
flow  of  current  across  the  break  must  be  steadily  main- 
tained to  insure  a good  light.  The  current  used  in  arc 
lights  varies  from  five  to  fifteen  amperes  according  to 
the  kind  of  lamp  and  the  purpose  for  which  it  is  used. 
Those  used  for  street  lighting  usually  operate  with 
about  nine  amperes.  Any  variation  in  the  current  pro- 
duces an  unsteadiness  which  is  quickly  noticeable.  The 
pressure  required  to  maintain  an  arc  of  nine  amperes 
from  carbon  to  carbon  is  about  forty-five  volts.  In 
the  operation  of  an  arc-light  plant  there  is  a continual 
variation  in  the  number  of  arc  lights  operated  by  the 
dynamo.  The  work  required  of  the  dynamo  is  there- 
fore one  which  will  vary  its  voltage  according  to  the 
number  of  arcs  being  sustained.  Since  each  lamp  re- 
quires forty-five  volts  to  operate  it,  when  fifty  such 
lamps  are  operated  by  a dynamo  the  voltage  must  lie 
2,250;  and  yet  through  all  this  range  of  voltage  the 
dynamo  must  maintain  nine  amperes.  When  the  series 
of  arc  lights  has  been  established,  but  a slight  variation 
comparatively  is  caused  by  the  extinction  of  one,  two, 
or  three  lamps.  This  variation  in  the  required  voltage 
is  easily  accomplished  bv  shifting  the  position  of  the 
brushes,  which,  as  referred  to  before,  may  be  accom- 
plished automatically  or  by  hand. 

The  shunt-wound  dynamo  differs  from  the  series- 
wound  in  that  the  circuit  of  the  armature  and  field  are 
in  parallel  as  shown  in  Fig.  5(1. 

The  effect  of  this  method  of  winding  is  to  magnetize 
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the  field  independently  of  the  current  flowing  through 
the  main  circuit.  The  field  is  usually  wound  with  fine 
wire  so  that  its  resistance  is  very  high,  and  consequently 
hut  a very  small  proportion  of  current  is  shunted 
through  it.  The  current  employed  in  magnetizing  the 
field  o-f  the  shunt  machine  varies  from  two  to  twenty 
per  cent,  of  the  whole  current.  However  small  the  pro- 
portionate amount  of  current  employed  for  magnetizing 


Fig.  56.— Shunt- Wound  Dynamo. 


the  field  may  be,  it  has  high  magnetizing  power  because 
of  its  many  turns.  The  wire  carrying  the  external  cir- 
cuit is  large  as  compared  with  the  wire  of  the  field. 

The  effect  of  shunt  winding  in  dynamos  is  to  auto- 
matically maintain,  within  certain  limits,  an  output  pro- 
portionate to  the  load  put  upon  it.  When  the  current 
leaves  the  positive  brush  it  divides  into  two  paths;  one 
travels  around  the  field  of  the  dynamo  and  the  other 
through  the  external  circuit.  When  the  current  meets 
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with  high  resistance  in  the  external  circuit  it  is  dammed 
up,  so  to  speak,  in  the  main,  causing  an  increased  flow  of 
current  through  the  shunt  wire  of  the  fields.  This  is  hut 
momentary,  for  the  extra  current  which  becomes  thus 
shunted  through  the  field,  increases  the  magnetism  of  the 
field  sufficiently  to  overcome  the  high  resistance  of  the 
main  line.  In  this  way  a balance  is  quickly  established. 
The  wire  of  the  field  being  always  of  the  same  length 
and  size,  its  resistance  remains  the  same  but  its  magnet- 
ism is  varied  by  the  strength  of  current  shunted  through 
it.  The  variation  of  current  in  the  field  is  somewhat 
proportionate  to  the  resistance  in  the  main  line,  and 
the  effect  is  just  enough  to  meet  the  requirements  in  the 
external  circuit. 

The  slmnt-wound  dytmmo  furnishes  a current  which 
has  a wide  range  in  amperes,  hut  which  varies  but  little 
in  its  pressure.  It  is  just  the  opposite  of  the  series- 
wound.  It  is  therefore  especially  fitted  for  supplying 
the  current  for  those  purposes  which  require  uniform 
pressure  but  varying  strength  of  current,  such  as  incan- 
descent lighting,  electroplating  and  the  like. 

The  compound-wound  dynamo  is  a combination 
of  the  series  and  the  shunt  winding.  This  form  of  gen- 
erator  is  constructed  on  the  general  lines  of  the  shunt 
machine  and  has  that  appearance.  It  differs  from  the 
shunt,  however,  in  that  a few  turns  of  the  main  wire 
surround  the  fields.  This  winding  is  diagrammatically 
shown  in  Fig.  57. 

The  field  magnets  are  nearly  filled  with  fine  wire 
each  end  of  which  is  connected  to  the  brushes.  This 
properly  constitutes  the  shunt  as  in  the  shunt  machine, 
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and  it  would  be  so  were  it  not  for  the  fact  that  the  main 
line  upon  leaving  the  positive  brush,  makes  a few  turns 
over  the  shunt  winding  of  the  fields  before  leaving  the 
machine.  It  will  be  seen,  then,  that  the  magnetism  of 
the  field  is  produced  by  two  different  sets  of  wires,  one, 
the  more  powerful,  a shunt  to  the  main,  and  the  other, 
the  less  powerful,  which  is  in  series  with  the  main. 
The  effect  of  this  arrangement  is  that  we  have  a com- 
bination  of  the  series  and  the  shunt  dynamo,  and  the 
current  will  partake  of  the  nature  of  both.  It  will  vary 


the  one  way  or  the  other  as  the  proportionate  winding 
in  the  field  is  more  largely  the  one  or  the  other.  If  the 
field  contains  more  of  the  shunt  circuit  than  the  main, 
its  current  will  have  a comparatively  steady  pressure 
with  varying  strength  in  amperes.  If,  however,  the 
field  contains  more  of  the  main  circuit  than  the  shunt, 
the  current  will  have  a more  uniform  ampere  strength, 
but  its  voltage  will  vary. 
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The  compound  winding  is  used  in  a practical  way  on 
dynamos  used  for  incandescent  lighting  and  for  street 
railways.  For  these  purposes  there  is  a constant  varia- 
tion in  the  load  put  upon  the  machine,  and  to  meet  this 
demand  there  must  be  a means  by  which  the  output  of 
the  machine  also  varies.  By  compounding  the  shunt 
winding  with  a few  turns  of  the  main,  the  voltage  auto- 
matically rises  and  falls  with  the  load.  It  is  possible, 
however,  to  carry  the  compound  winding  so  far  that  the 
voltage  is  increased  more  rapidly  than  the  increase  of 
load  requires,  and  in  such  cases  it  is  termed  overcom- 
pounding.  But  by  following  established  rides,  the 
manufacturer  can  so  proportion  the  compounding  as  to 
exactly  meet  the  requirements,  producing  a steady  cur- 
rent under  all  variations  of  load  which  come  within  the 
limits  of  the  machine. 

The  method  of  using  the  current  supplied  by  a series- 
or  shunt-wound  machine,  find  in  practice  the  compound- 
wound  is  but  a shunt  machine  compounded  for  automatic 
regulation,  is  similar  to  the  method  of  winding.  There 
is  a striking  similarity  between  the  methods  of  wind- 
ing dynamos,  and  the  manner  of  using  the  current  from 
them.  In  the  series  dynamo  the  current  flows  through 
the  armature  and  field  in  series,  and  so  the  current  oper- 
ates in  the  external  circuit  by  passing  from  lamp  to 
lamp  in  series.  In  the  shunt-wound  dynamo  the  current 
flows  through  the  armature  and  field  in  parallel,  and, 
in  like  manner,  it  is  distributed  in  the  external  cir- 
cuit. All  the  incandescent  lamps  and  motors  operated 
by  it  are  in  parallel  across  the  mains. 
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ALTERNATORS. 

We  now  come  to  the  second  class  of  dynamos  called 
alternators.  In  the  preceding  pages,  the  generators  de- 
scribed were  those  which  produced  a current  whose  flow 
was  continuously  in  one  direction,  whereas,  those  which 
we  are  now  to  consider  produce  one  which  flows  alter- 
nately in  one  direction  and  then  in  the  opposite. 

The  alternator  depends  upon  the  same  principles  of 
magnetic  induction  for  its  operation  as  does  the  constant- 
current  dynamo,  and  the  current  produced  by  it  is  of 
the  same  nature  as  that  produced  by  the  latter.  The 
marked  difference  between  the  two,  however,  lies  in  the 
method  of  taking  the  current  from  the  armature,  and  it 
is  this  detail  principally,  that  distinguishes  the  alter- 
nator from  the  constant-current  generator.  The  differ- 
ence is  not  so  much  in  the  manner  of  producing  an  elec- 
tric current,  but  in  the  manner  of  conducting  the  cur- 
rent from  the  coils  to  the  external  circuit.  In  the  con- 
stant-current dynamo,  the  current  generated  in  each  coil 
is  taken  off  under  the  brush  of  the  same  polarity  as  that 
of  the  coil,  and  as  the  coil  travels  around  and  its  polarity 
is  reversed  it  passes  under  the  brush  of  opposite  polar- 
ity. This  commuting  or  rectifying  of  the  current  in 
continuous-current  dynamos  is  accomplished  by  means 
of  the  commutator.  In  the  alternating-current  genera- 
tor, however,  the  commutator  is  dispensed  with  and  the 
current  is  conducted  from  the  machine  just  as  it  is  gen- 
erated in  the  armature  coils.  The  current  is  constantly 
reversing  its  direction  as  it  passes  the  alternately  posi- 
tive and  negative  poles  of  the  field. 
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Instead  of  a commutator,  the  two  ends  of  the  arma- 
ture wire  are  led  out  to  two  metal  rings  on  the  shaft. 
These  rings  are  insulated  from  the  shaft  and  from  one 
another  and  are  turned  perfectly  true.  They  are  called 
the'  collecting  rings,  and  the  current  is  taken  from  them 
by  means  of  brushes  just  as  with  the  commutator  on 
continuous-current,  machines.  It  will  be  noticed  that 
when  the  commutator  is  used  a wire  from  each  armature 
coil  connects  with  a corresponding  segment  of  the  com- 
mutator, and  the  coils  are  in  parallel  with  the  segments, 
so  to  speak ; whereas,  in  the  alternator  the  coils  are  con- 
nected in  series  with  one  another,  and  the  two  end  wires 
terminate  at  the  rings. 

While  magnetic  induction  is  the  underlying  principle 
and  the  operating  agent  in  both  forms  of  dynamos,  there 
are  structural  differences  which  fit  the  two  classes  more 
advantageously  for  their  respective  work.  The  propor- 
tional weight  of  the  armature  and  its  methods  of  con- 
struction in  alternators  frequently  make  it  mechanically 
better  to  keep  the  armature  stationary  and  to  make  the 
field  the  revolving  part.  When  this  is  done  collecting 
rings  are  not  necessary,  and  the  alternating  current  is 
taken  off  by  direct  connection  to  the  terminals  of  the 
stationary  armature.  In  another  form  of  alternator 
both  the  field  and  armature  are  stationary,  and  a disc 
with  lugs  of  soft  or  laminated  iron  revolves  between  the 
two  in  such  a manner  as  to  set  up  variations  in  the 
magnetic  flux.  This  form  is  called  an  inductor  dynamo. 

The  efficiency  of  an  alternating  current  depends 
largely  upon  the  frequency  of  its  alternations,  and  this 
is  the  guiding  principle  in  the  construction  of  alterna- 
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tors.  It  is  necessary  to  produce  very  rapid  alternations 
in  the  direction  of  the  current,  and  this  is  accomplished 
by  using  a large  number  of  poles  in  the  field,  in  order 
that  the  number  of  reversals  of  direction  of  the  current 
will  be  considerable  in  a single  revolution  of  the  arma- 
ture. In  the  first  alternators  used,  it  was  the  practice 
to  construct  and  operate  them  so  as  to  produce  as  high 
as  266  alternations  per  second.  This  meant  that  each 
coil  of  the  armature  must  pass  266  coils  of  the  field  in 
one  second,  which  could  only  be  done  by  obtaining  a 
very  high  speed  of  the  armature  or  by  having  a very 
large  number  of  poles.  There  is  a limit  to  the  speed 
that  can  be  safely  obtained,  and  so  it  became  the  practice 
to  employ  a large  number  of  poles. 

As  the  alternating  system  became  perfected,  the  fre- 
quency of  the  alternations  was  reduced  one-half.  Al- 
though this  meant  a slight  increase  in  the  size  of  the 
transformer,  an  essential  part  of  the  system,  this  was 
offset  by  more  important  considerations  in  the  dynamo. 
It  is  now  the  practice  to  furnish  a current  of  about 
one  hundred  and  twenty  alternations  per  second.  This 
means  that  the  current  changes  its  direction  of  flow 
one  hundred  and  twenty  times  which  is  termed  the 
frequency.  Where  the  current  has  reversed  its  direc- 
tion and  then  returns  to  the  first,  thus  making  an  entire 
back  and  forth  movement,  it  completes  a cycle,  and  the 
above  current  of  one  hundred  and  twenty  alternations 
would  make  sixty  complete  cycles  in  one  second. 

The  advantages  of  the  sixtv-cvcle  over  the  former 
one  hundred  and  twenty  cycle  current  are,  a reduc- 
tion in  the  speed,  arc  lights  operate  better,  the  regu- 
10 
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lation  of  pressure  is  improved,  and  small  motors  are 
more  readily  controlled. 

The  alternating  dynamo,  or  the  alternator,  as  it  is 
sometimes  called,  is  composed  of  three  essential  parts ; 
the  field,  the  armature,  and  the  rings  and  brushes. 

The  field  is  generally,  but  not  always,  the  stationary 
part.  Since  the  efficiency  of  alternators  is  largely  due 
to  the  frequency  of  the  alternations,  the  field  is  made  up 
of  a much  larger  number  of  poles  than  constant-current 
generators.  The  constant-current  dynamos  seldom  ex- 
ceed ten  or  twelve  poles,  whereas,  alternators  frequently 

have  three  or  four  times  that  number.  The  method  of 

/ 

arranging  the  field  magnets  in  alternators  varies  more 
than  in  the  constant-current  machines.  In  the  Ferranti, 
Wilde,  and  Siemens  alternators  one-lialf  of  the  field  is 
placed  on  one  side  of  the  armature,  and  the  other  half 
on  the  other.  The  poles  point  toward  one  another  and, 
being  of  opposite  polarity,  the  armature  coils  cut  lines 
of  the  strongest  magnetic  flux.  Another  generator,  of 
English  make,  has  a stationary  armature  and  a rotating 
field.  The  field  is  one  large  bobbin  in  the  center,  and 
two  heavy  castings  with  twelve  claws  are  fitted  upon 
the  ends.  These  claws  bend  over  towards  the  middle 
of  the  bobbin  so  that  when  the  two  have  been  fitted  on 
the  field  bobbin  the  claws  entirely  enclose  it  except  for 
a space  of  three-quarters  of  an  inch  in  which 
the  armature  coils  stand.  By  this  arrangement  all  the 
claws  of  one  end  are  of  one  polarity,  and  those  of  the 
other  are  of  the  opposite  polarity.  Since  the  armature 
coils  are  in  the  form  of  a disc  and  stand  in  the  three- 
quarter  inch  space  between  the  claws,  they  cannot 
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be  of  very  great  thickness,  and  the  rotating  field  must 
have  but  little  end  play.  The  armature  coils  are  thin 
copper  strips  but  one-third  of  an  inch  wide,  and  are 
wound  in  a manner  similar  to  the  winding  of  a ribbon 
on  a spool,  except  that  the  form  upon  which  the  ribbon 
is  wound  is  oblong  instead  of  round. 

The  form  of  alternator  most  frequently  met  with 


Fig.  58.— Modern  Alternator. 


in  this  country  resembles  the  constant-current  generator 
in  its  general  outline.  The  poles  are  arranged  in  a 
similar  manner  on  the  inner  surface  of  the  circumfer- 
ential casting.  Such  an  alternator  is  shown  in  Fig.  58. 

Tn  this  illustration  it  will  be  noticed  that  the  princi- 
pal difference  from  the  constant-current  generator  lies 
in  the  large  number  of  bobbins  and  in  the  narrow  rim 
of  the  field  casting. 
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The  armature  of  the  alternator  also  varies  more  than 
that  of  the  constant-current  dynamo.  It  may  be  of  the 
ring,  drum,  pole,  or  disc  type.  The  coils  may  he  wound 
similarly  to  the  constant-current  armature,  they  may 
he  wound  on  bobbins,  or  they  may  be  made  up  of  strips 
of  copper  ribbon.  It  depends  upon  the  form  of  field 
as  to  which  kind  is  employed.  Where  the  field  is  of  the 
constant-current  type,  the  armature  also  has  that  ap- 
pearance. If,  however,  the  field  consists  of  bobbins 
which  are  arranged  on  either  side  of  the  armature,  the 
winding  of  the  armature  is  in  bobbins.  Or,  if,  as  in 
the  Mordey  or  in  the  Ferranti,  the  field  is  a pair  of 
crown  plates,  the  armature  coils  are  of  copper  ribbon 
wound  upon  wedge-shaped  cores  with  an  insulating  layer 
of  tape  between  them. 

The  method  of  winding  the  armature  determines 
the  nature  of  the  core  to  be  used.  If  the  armature 
is  of  the  continuous-current  type  the  core  is  constructed 
in  a similar  manner,  and  the  rules  for  avoiding  eddv 
currents  are  followed  as  before.  The  cores  are.  made 
up  of  laminated  iron,  and  the  only  apparent  differ- 
ence is  in  the  number  of  teeth  or  grooves  in  the 
periphery.  In  the  continuous-current  core,  if  it  is 
grooved,  there  are  as  many  grooves  as  there  are  segments 
in  the  commutator ; but  in  the  alternator  there  are  only 
as  many  as  there  are  poles.  The  depth  of  the  grooves 
is  inversely  proportional  to  the  number  of  armature 
coils.  In  the  continuous-current  armature  they  are 
shallow  and  contain  but  a few  turns  of  wire,  whereas,  in 
the  alternator  they  are  deep  and  contain  a proportionate 
amount  of  wire.  It  is  customary  to  proportion  the 
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depth  of  the  cut  and  the  distance  from  one  another  so 
that  the  partition  of  iron  is  about  equal  in  eross-sectiou 
to  that  of  the  groove. 

Since  the  efficiency  of  this  class  of  machines  depends 
upon  the  alternations,  the  grouping  of  the  winding  in 
such  a manner  as  to  make  the  strongest  poles  is  the 
principal  consideration,  and  hence  the  tendency  toward 
winding  the  coils  around  projections,  or  pole  pieces  o± 
the  armature  core.  This  method  of  armature  construc- 
tion is  followed  in  most  single-phase  alternators. 

The  armature  of  the  alternator  is  wound  in  such  a 
manner  that  the  alternate  poles  are  of  opposite  polarity. 
In  passing  around  the  circle,  the  direction  of  winding 
is  reversed  on  every  pole,  and  if  the  type  is  a pole  arma- 
ture it  will  not  differ  materially  from  the  field.  As  a 
matter  of  fact,  the  field  and  armature  are  so  nearly  alike 
that  in  some  alternators  of  this  type  it  is  difficult  to 
determine  which  is  the  field  and  which  is  the  armature. 

The  armature  windings  of  alternators  are  either  series 

or  parallel  series.  Tn  the  series  winding,  the  two  ends 

0 

of  the  wire  are  brought  close  together  in  completing 
the  circle,  whereas,  in  the  parallel-series  winding  the 
circuit  is  divided  into  two  paths  which  travel  in  oppo- 
site directions  until  they  meet  at  a diametrically 
opposite  point.  Tn  tbe  series  winding  the  points  of 
highest  potential  are  brought  dangerously  close  together, 
while  in  parallel-series  winding  they  are  farthest  apart. 
The  series  winding,  however,  only  requires  half  the 
number  of  turns  to  generate  tbe  same  electromotive  force 
as  that  generated  by  the  parallel-series  winding. 

The  rings  of  the  alternator  perform  a duty  similar  to 
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tlie  commutator  of  the  constant-current  dynamo.  They 
provide  a means  for  conducting  the  current  from  the 
armature,  hut  differ  from  the  commutator  in  that  they 
■do  not  alter  the  connections  so  as  to  change  the  charac- 
ter of  the  current.  Since  in  the  revolution  of  the  arma- 
ture, the  coils  pass  field  poles  whose  polarity  is  alter- 
nately opposite,  the  current  produced  in  the  armature 
•will  alternate  as  each  pole  is  passed.  By  means  of  the 
rings  and  the  brushes  which  hear  upon  them,  the  current 
is  led  to  the  external  circuit,  just  as  it  is  generated  in 
the  armature  coils,  and  it  Avill  alternate  in  direction  as 
it  passes  each  pole.  They  are,  in  fact,  the  two  terminals 
of  the  wire  with  which  the  armature  is  wound  and 
should  he  so  considered. 

The  rings  are  mounted  on  the  armature  shaft,  bul 
are  electrically  insulated  from  it  and  from  one  another. 
The  terminal  wires  of  the  armature  coils  are  carried  to 
the  rings  in  the  body  of  the  shaft.  The  rings  are  made 
of  brass  or  copper,  and  are  turned  true  and  smooth 
after  being  mounted  on  the  shaft. 

The  brushes  employed  on  the  alternator  are  like 
those  used  on  the  constant-current  machines.  They 
may  be  of  copper,  copper-gauze,  or  carbon.  Inasmuch 
as  the  surface  of  the  ring  is  continuous  and  much 
smoother  than  the  commutator  of  constant-current  dyna- 
mos, the  wear  of  both  the  ring  and  brush  is  much  less, 
and  sparking  is  entirely  absent. 

There  are  two  methods  of  connecting  the  armature 
coils  of  the  alternator.  In  one  the  coils  are  connected 
one  to  another  in  series,  and  the  other  is  the  parallel  in 
which  the  two  terminals  of  each  coil  connect  to  two 
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common  wires  which  encircle  the  armature.  The  tivo 
terminal  wires  of  the  series  machine  terminate  at  the 
two  collective  rings,  and  in  the  same  manner  the  two 
common  wires  of  the  parallel  machine  also  terminate. 
The  series  connected  produces  a current  of  high  voltage, 
because  the  E.  M.  E.  of  each  coil  is  added  to  that  of  the 
others,  whereas  in  the  parallel  connected  the  voltage  is 
only  that  of  a single  coil,  but  the  current  strength  is  pro- 
portionately increased.  Let  us  suppose  that  each  coil  of 
a twelve-coil  armature  produces  ten  volts  and  ten  am- 
peres. If  these  are  connected  in  series  the  current  would 
have  a pressure  of  120  volts  and  ten  amperes,  but  if  con- 
nected in  parallel  the  current  would  have  a pressure  of 
hut  ten  volts  and  the  ampere  strength  would  he  120. 

It  is  therefore  possible  to  connect  the  coils  of  the 
armature,  just  as  cells  may  be  connected,  so  as  to  give 
any  desired  capacity  of  current  to  meet  the  requirements 
of  the  case.  If  a current  of  high  pressure  is  desired 
the  series  method  is  used,  and  if  a heavy  current  of 
low  pressure,  the  parallel  method  is  indicated,  and  any 
output  between  the  two  may  be  had  by  a combination  of 
the  series  and  parallel  methods. 

An  alternating  current  is  not  suitable  for  magnet- 
izing the  fi<?ld,  hence  it  is  necessary  in  alternators  to  gen- 
erate a direct  current  for  this  purpose,  either  by  a sepa- 
rate machine  or  by  commuting  a part  of  the  alternating 
current.  Eor  the  purpose  of  regulation  both  methods 
are  sometimes  employed  in  the  same  machine.  Eig. 
58  shows  an  alternator  of  this  kind.  A direct  current 
for  energizing  the  field  is  taken  from  the  armature 
by  means  of  the  commutator  near  the  armature,  the 
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alternating  current  being  taken  oft'  at  the  two  rings 
beyond  the  commutator.  About  one  and  five-tenths 
per  cent,  of  the  power  of  the  generator  is  required  for 
magnetizing  the  field.  All  alternators  are  for  this 
reason  divided  into  three  general  classes ; namely : 

1.  Separately  excited,  or  those  which  secure  their 
field  excitation  through  an  independent  dynamo.  This 
is  sometimes  operated  by  a belt  from  the  armature  shaft, 
and  in  some  cases  a continuous-current  dynamo  is 
mounted  on  the  same  shaft  with  the  alternator. 

2.  Self-excited,  or  those  in  which  a part  of  the 
armature  current  is  commuted  and  sent  through  the 
fields  direct.  This  form  of  alternator  has  a commutator 
as  well  as  the  two  rings. 

3.  Compound-wound,  in  which  there  is  a combina- 
tion of  the  above  two.  The  principal  excitation  of  the 
field  is  obtained  from  a separate  dynamo,  but  for  the 
purpose  of  better  regulation  an  auxiliary  current  is 
taken  from  its  own  armature  by  means  of  a commu- 
tator. 

If  one  alternator  be  connected  in  series  with  another 
alternator  of  the  same  kind,  one  may  be  operated  as 
a motor  so  long  as  the  two  are  in  step.  It  will  not  start 
from  a state  of  rest,  however,  but  requires  to  be  started. 
It  must  also  operate  at  an  equal  speed  with  the  genera- 
tor, and  when  doing  so  is  said  to  be  operating  synchro- 
nously. These  objections  were  found  when  the  first- 
alternating  currents,  which  were  uniphase  currents,  were 
being  used  for  power  purposes.  They,  however,  led 
to  what  is  known  as  multiphase  currents,  and  the  alter- 
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nators  are  now  called  diphase , triphase , and  monocyclic 
generators. 

The  uniphase  is  but  a single  current,  while  in  the 
diphase  there  are  two  and  in  the  triphase  there  are 
three  currents.  The  uniphase  current  in  its  operation 
of  a motor  may  be  compared  to  an  ordinary  engine 
with  one  cylinder.  The  engine  cannot  be>  started  from 
a state  of  rest  if  it  is  upon  a dead  center,  but  requires 
to  be  started.  In  the  diphase  there  are  two  separate 
currents,  one-quarter  of  a cycle  apart.  This  has  its 
analogue  in  the  ordinary  locomotive.  Here  there  are 
two  cylinders  and  the  pistons  being  connected  to  the 
same  shaft  ninety  degrees  apart,  both  cannot  he  on  a 
dead  center  at  once.  Hence  the  locomotive  can  start 
from  any  position,  and  in  like  manner  a motor  can  start 
when  operated  by  a diaphase  current. 

The  triphase  alternator  supplies  three  separate  cur- 
rents one-third  of  a cycle  apart  and  possesses  features 
not  found  in  the  others.  It  -requires  only  three  wires 
for  its  distribution,  whereas  the  diphase  requires  four 
when  operated  to  the  best  advantage. 

Recently  a fourth  system  for  the  distribution  of  alter- 
nating currents  has  come  into  favor,  called  the  mono- 
cyclic.  This  is  primarily  a uniphase  current  with  a 
third  wire  called  the  power  wire.  For  all  purposes  of 
lighting  the  uniphase  current  answers  the  requirements, 
and  is  supplied  by  two  wires,  but  where  power  is  used 
a third  wire  is  supplied.  This  wire  being  compara- 
tively small  does  not  add  greatly  to  the  expense. 

The  method  whereby  the  two  currents  of  the  diphase 
or  the  three  currents  of  the  triphase  systems  are  sent 
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out  precisely  one-fourtli  or  one-third  of  a cycle  apart  is 
this:  The  armature  has  two  or  three  sets  of  windings 

as  the  case  may  be,  which  are  successively  brought  under 
the  field  poles  at  exactly  one-fourth  of  the  cycle  for  the 
diphase  currents  and  at  one-third  cycle  apart  for  the 
triphase  current. 


THE  TRANSFORMER. 

The  chief  commercial  value  of  the  alternating  current 
lies  in  the  fact  that  it  can  be  distributed  at  long  dis- 
tances from  the  source  of  supply  at  a less  cost  and  at  a 
much  less  loss  of  energy  than  by  any  other  system.  The 
alternating  current  is  usually  sent  out  at  high  tension 
because  of  the  fact  that  loss  in  the  conductor  decreases 
with  the  rise  of  tension.  The  loss  is  inversely  propor- 
tionate to  the  potential.  The  cost  of  conductors  is  a very 
considerable  item  in  electrical  distribution,  so  that  a 
system  requiring  small  conductors  as  does  the  alternat- 
ing is  especially  suitable  for  distributing  at  long  dis- 
tances. 

It  is  customary  to  supply  the  alternating  current  at 
a high  potential.  While  the  voltage  of  constant  cur- 
rents is  usually  in  the  hundreds,  that  of  the  alternating 
is  usually  in  the  thousands.  An  alternating  current 
of  two  thousand  volts  commonly  met  with  is  dangerous 
to  life  and  such  a current  should  not  be  brought  into 
houses.  Moreover  the  appliances  to  be  operated  by  the 
current,  such  as  lamps,  motors,  etc.,  do  not  require  high 
voltage.  It  then  becomes  necessary  to  reduce  the  volt- 
age to  one  which  can  be  safely  handled.  This  is  done 
by  means  of  the  transformer.  As  a matter  of  fact,  if  it 
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were  not  for  the  transformer  the  alternating  current 
and  system  would  he  of  very  little  commercial  value. 

It  is  by  means  of  this  instrument  that  the  high-ten- 
sion  current  can  produce  a current  of  low  tension  and 
vice  versa.  The  main  current  passes  through  the  trans- 
former, and  the  induced  current  for  use  in  the  house  is 
of  reduced  voltage  and  is  conducted  to  the  house  on  a 
special  set  of  wires.  The  wires  which  carry  the  current 


Fig.  59.— The  Transformer. 


from  the  power-house  are  called  the  'primary  wires, 
while  those  which  carry  the  current  from  the  trans- 
former to  the  house  are  called  the  scondary. 

The  transformer  is  a very  simple  instrument  in  its 
construction  and  action.  It  is  pimply  an  inverted  in- 
duction coil  and  consists  essentially  of  a soft  iron  core 
upon  one  end  of  which  are  wound  the  coils  of  the  pri- 
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mary  and  upon  the  other  end  of  which  are  wound  the 
coils  of  the  secondary.  If  two  spools  of  thread  be 
slipped  on  a lead  pencil  we  would  have  an  illustration 
of  the  transformer.  The  pencil  represents  the  iron 
core  and  the  spools  of  thread  represent  the  primary  and 
secondary  coils.  Such  a transformer  is  diagrammatic- 
ally  shown  in  Fig.  60,  in  which  P represents  the  pri- 
mary and  S the  secondary  wiring. 


Fig.  GO.— Diagrammatic  Illustration  of 
Alternating  System. 

For  greater  efficiency  and  economy  of  space  and 
material  the  forms  of  the  core  and  coils  are  not  always 
like  those  in  the  above  illustration,  but  are  subject  to  as 
many  different  forms  as  there  are  manufacturers.  The 
core  is  generally,  however,  bent  upon  itself  so  as  to 
form  more  or  less  completely  a ring  or  a square. 

The  operation  of  the  transformer  is  somewhat,  com- 
plex if  followed  out  in  detail.  When  current  flows 
through  the  primary  in  alternate  directions,  it  magnet- 
izes the  iron  core  in  opposite  directions  which  in  turn 
induces  an  alternating  electric  current  in  the  secondary, 
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and  we  have  first,  an  alternating  electric  current  in  the 
primary,  second,  an  alternating  magnetism  in  the  core, 
and  third,  an  alternating  current  in  the  secondary.  The 
alternations  in  the  secondary  are  in  the  same  direction 
as  those  of  the  primary.  If  we  go  further  into  the  detail 
of  the  operation  it  would  be  as  follows : When  an  alter- 
nating current  flows  through  the  primary  it  sets  up  a 
current  having  an  opposing  effect  which  acts  as  a chok- 
ing coil.  The  iron  core  becomes  magnetized  with  the 
alternations  of  the  primary,  but  in  an  opposite  direction 
and  of  such  strength  that  the  primary  current  is  not 
overpowered  by  the  choking  effect.  The  secondary  thep 
becomes  the  seat  of  an  electromotive  force  by  induction 
from  the  core  with  alternations  of  the  same  direction 
and  frequency  as  the  primary.  The  effect  of  closing  the 
circuit  of  the  secondary  through  a lamp  or  motor  is  to 
reduce  in  a backward  chain  of  transformations  the  chok- 
ing effect  of  the  counter  electromotive  force  of  the  pri- 
mary. This  allows  more  current  to  flow  through.  In 
this  manner  the  transformer  becomes  automatic  in  its 
action  and  is  self-regulating. 

The  efficiency  of  the  transformer  depends  upon  the 
rapidity  with  which  the  iron  core  loses  its  magnetism. 
The  best  transformers,  therefore,  have  their  cores  made 
up  of  the  softest  iron  obtainable.  The  iron  is  further 
divided  into  as  many  parts  as  possible  by  building  it 
up  of  wires  or  of  thin  sheets,  the  object  being  to  in- 
crease the  intensity  and  to  reduce  to  a minimum  the 
heating  which  takes  place  in  solid  cores.  This  is  then 
carefully  insulated  from  the  coils  which  cover  it. 

The  coils  of  the  transformer  are,  as  stated  before, 
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the  primary  and  the  secondary.  These  are  placed  as 
closely  upon  the  iron  core  and  as  close  together  as  ihe 
insulation  will  allow.  Owing  to  the  great  danger  if  a 
ground  should  be  established  between  the  primary  and 
the  secondary,  the  insulation  of  the  coils  from  the  iron 
core  and  from  one  another  is  a matter  of  the  greatest 
importance  and  is  most  carefully  made. 

The  two  coils  bear  a definite  and  fixed  relation  to  one 
another.  The  output  in  volts  and  amperes  is  always 
proportionate  to  the  windings  of  the  primary  and  sec- 
ondary. If  the  number  of  turns  of  the  secondary  are 
equal  to>  those  of  the  primary  the  induced  current  will 
be  of  the*  same  electromotive  fo-rce  provided  there  is  no 
magnetic  leakage.  If,  however,  the  coils  of  the  pri- 
mary are  ten  times  those  of  the  secondary,  the  electro- 
motive force  of  the  latter  will  be  only  one-tenth  that  of 
the  former.  Or,  if  we  reverse  the  conditions  and  give 
the  secondary  ten  times  as  many  turns  as  the  primary, 
the  voltage  of  the  induced  current  will  be  ten  times  that 
of  the  primary.  While  the  voltage  of  the  secondary 
current  is  thus  proportionate  to-  the  relative  number  of 
turns  as  compared  with  the  primary,  the  ampere 
strength  of  the  secondary  current  is  in  an  inverse  ratio. 
That  is,  the  fewer  the  number  of  turns  of  the  secondarv 
as  compared  with  the  primary  the  higher  will  be  its 
ampere  capacity.  The  watt  output  of  a transformer 
of  a given  number  of  turns  in  the  primary  and  second- 
ary will  always  be  uniform  if  the  same  strength  of  cur- 
rent be  maintained  in  the  primary.  It  does  not  matter 
bow  much  the  relations  between  the  windings  of  the 
primary  and  the  secondarv  be  altered,  so  long  as  the 
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total  number  of  turns  be  retained  tbe  watt  output  of 
the  transformer  will  be  practically  uniform.  Herein 
lies  a very  important  feature  of  tbe  transformer,  for  by 
this  it  is  possible  to  easily  secure  a current  of  very  bigli 
voltage  or  to  obtain  one  of  very  heavy  ampere  strength. 
The  wonderful  Tesla  effects  are  due  to  one  arrangement 
of  the  coils  for  high  voltage,  and  the  heating  of  large 
pieces  of  metal  is  due  to  the  opposite  arrangement. 
Where  the  pressure  is  raised  it  is  called  a step-up  trans- 
former and  where  it  is  lowered  it  is  called  a step-down 
transformer. 

The  commercial  use  of  the  transformer  is  mainly  in 
the  distribution  of  current  in  small  .cities  or  where  a 
large  area  is  to  be  covered  by  the  distributing  wires. 
For  this  purpose  the  primary  current  is  supplied  at 
perhaps  two  thousand  volts’  pressure  and  a step-down 
transformer  is  employed  which  will  give  a secondary 
current  of  about  fifty-two  or  one  hundred  and  four 
volts’  pressure  for  the  consumer’s  use. 

THE  MOTOK-DYMMO. 

The  motor-dynamo  is  practically  a motor  on  one 
side  and  a generator  on  the  other.  It  is  sometimes 
necessary  to  use  a current  different  from  that  supplied 
by  an  electric  company.  In  some  cases  tbe  only  current 
accessible  may  be  the  five-hundred-volt  current  while 
the  appliances  require  one  hundred  and  ten  volts  for 
their  proper  operation.  This  can  be  met  by  operating 
a suitably  large  motor  by  tbe  five-hundred-volt  current 
and  this  motor  in  turn  either  by  a belt  or  shaft,  operat- 
ing a dynamo  which  will  generate  a current  of  one  bun- 
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dred  and  ten  volts.  If,  instead  of  using  the  belt  or  direct 
connecting  shaft  the  two  armatures  are  wound  on  the 
same  shaft  the  transformation  of  energy  will  be  ac- 
complished most  economically.  This  led  to  the  con- 


Fig.  61.-  Motor-Dynamo. 


struction  of  what  is  commercially  known  as  the  motor- 
dynamo,  one  of  which  is  shown  in  Fig.  61. 

The  same  shaft  is  used  for  both  windings.  On  one 
end  the  current  is  received  which  revolves  the  armature 
and  from  the  other  end  the  current  which  is  developed 
bv  the  outer  winding  is  taken  off  by  means  of  a commu- 
tator for  a direct  current  or  by  rings  for  an  alternating 
current. 
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THE  STORAGE  BATTERY. 

The  term  “storage  battery”  is  applied  to  a set  of  cells 
in  which  an  electric  current  when  passed  through  them 
produces  such  electrolytic  changes  that,  if  the  external 
circuit  be  afterwards  closed,  these  new  compounds  will 
return  to  their  original  state  and  in  so  doing,  an  elec- 
tric current  will  he  established.  These  cells  have  also 
been  called  secondary  and  accumulators.  They  are  sec- 
ondary only  in  the  sense  that  a primary  current  must 
first  be  used  to  charge  them,  and  they  are  accumulators 
only  in  the  sense  that  the  same  kind  of  energy 
which  has  been  used  in  effecting  the  electrolytic  changes 
is  given  off  after  closing  the  external  circuit.  Strictly 
speaking,  electricity  is  not  stored,  nor  does  it  accumu- 
late in  them,  hut  certain  unstable  electrolytic  changes 
are  produced,  which  return  to  their  original  combina- 
tions when  the  proper  conditions  are  afforded,'  as  by 
closing  the  external  circuit,  and  in  so  doing  an  electric 
current  is  generated.  Electric  energy  was  necessary  to 
break  up  the  original  compounds,  and  a current  of  elec- 
tricity is  developed  when  the  compounds  return.  It  is 
the  second  display  of  electric  energy  that  is  peculiar  to 
and  is  the  valuable  feature  of  the  storage  battery. 

The  first  observations  which  led  up  to  the  discovery  of 
the  storage  battery  were  made  by  Gautherot,  a French 
scientist  in  1801.  Tie  found  that  after  platinum  or  sil- 
ver wires  had  been  used  to  decompose  a saline  solution, 
an  electric  current  would  he  given  off  even  after  the  bat- 
tery had  been  disconnected.  Fitter,  two  years  later, 
made  the  same  observation  with  gold,  copper,  brass, 

li 
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and  iron  electrodes,  and  while  the  underlying  principle 
of  the  storage  battery  was  discovered  at  this  time,  the 
current  was  so  feeble  that  the  phenomenon  did  not  at- 
tract much  attention  till  I860  when  Gaston  Plante 
made  use  of  lead  plates.  The  Plante  battery  was  an 
important  step  and  when  in  1880  Metzger,  Fau re,  and 
Brush,  independently  of  one  another  applied  the  active 
material  mechanically  instead  of  by  the  long  process  of 
Plante  in  “forming”  the  plates,  the  commercial  im- 
portance of  the  storage  battery  was  realized. 

The  Plante  battery  consisted  of  two  sheets  of  lead 
rolled  up  in  compact  form  with  an  insulating  layer  of 
thick  cloth  between  them.  A solution  of  dilute  sul- 
phuric acid  was  used  as  the  electrolyte.  In  order  to 
make  this  cell  useful  it  was  necessary  to  pass  an  elec- 
tric current  through  the  cell  and  then  discharge  it  a 
number  of  times.  Repeated  action  of  this  kind  pro- 
duced a porous  or  spongy  condition  of  the  surface  of  the 
plates  which  made  the  electrolytic  changes  of  much 
greater  value  and  intensity  than  could  otherwise  be 
obtained.  This  process  was  known  as  “forming”  the 
cell. 

The  chemical  reactions  which  take  place  are  these: 
During  the  charging,  peroxide  of  lead,  PbO,,  forms 
on  the  plate  to  which  the  positive  wire  is  connected,  and 
hydrogen  on  the  plate  to  which  the  negative  wire  is  con- 
nected. Upon  discharging  the  plates,  a series  of  chem- 
ical changes  follow.  The  peroxide  becomes  a monox- 
ide PbO,  and  finally  by  the  action  of  the  acid,  a sul- 
phate of  lead,  PhSO.,.  A thin  film  of  the  sulphate 
covers  both  plates  after  the  first  discharge.  The  plates 
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are  tlieu  charged  in  the  reverse  order  and  the  sulphate 
on  the  positive  plate  becomes  peroxide  of  lead  and 
that  on  the  negative  plate  is  reduced  by  the  hydrogen 
into  spongy  lead.  With  each  charge  and  discharge, 
the  layers  of  peroxide  and  spongy  lead  thicken,  and  the 
efficiency  of  the  cell  increases  to  a degree  which  is  in  a 
measure  self-limiting. 

When  the  cell  is  put  into  active  use  the  same  chem- 
ical reactions  that  were  operative  during  the  formation 
of  the  plates,  continue.  If  the  operation  of  the  storage 
cell  he  studied,  it  will  be  seen  that  it  is  dependent  upon 
chemical  action,  and  differs  from  the  primary  in  two 
particulars.  The  primary  cell  is  so  constructed,  chemic- 
ally, that  a'  current  flows  upon  closing  the  circuit  and 
continues  at  the  expense  of  one  of  the  elements,  whereas, 
in  the  storage  cell  the  action  is  dependent  upon  the  salt 
of  one  of  the  elements.  The  primary  cell  is  made  up  of 
elements  which  are  ready  to  form  new  compounds  upon 
closing  the  circuit,  whereas,  the  storage  cell  requires  its 
active  surfaces  to  be  put  into  a condition  ready  for 
chemical  change  by  a previous  electrolytic  process. 

The  process  of  forming  the  Plante  cell  was  long  and 
tedious.  It  required  a period  of  rest  as  well  as  one  of 
active  charging  and  discharging;  and  it  was,  moreover, 
necessary  to  repeat  this  many  times,  until  a sufficient 
thickness  of  the  prepared  surface  had  been  obtained. 
This  was  the  principal  objection  to  tbe  Plante  cell,  and 
it  was  twenty  years  before  it  was  found  that  the  salts 
which  were  so  slow  in  forming  by  the  cell’s  own  electro- 
lytic action  could  be  cheaply  obtained  in  tbe  form  of 
minium,  which,  by  a single  reduction  would  be  con- 
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verted  into  the  peroxide  on  the  one  plate,  and  into 
spongy  lead  on  the  other.  To  C.  A.  T’aure,  another 
French  electrician,  belongs  the  credit  of  this  improve- 
ment. This  cell  was  made  by  coating  each  plate  with 
a paste  of  red  lead,  Pb304,  mixed  with  sulphuric  acid. 
When  an  electric  current  is  passed  through  it,  that  on 
the  positive  plate  is  rapidly  reduced  to  peroxide  and 
that  on  the  negative  to  spongy  lead.  It  will  thus  be 
seen  that  the  difference  between  the  Plante  and  the 
Faure  cell  lies  in  the  method  of  obtaining  the  peroxide 
and  spongy  lead.  The  Plante  process  was  by  the  conver- 
sion of  metallic  lead  into  a peroxide  and  spongy  lead, 
and  the  Faure  process  was  by  reducing  a higher  oxide 
to  a lower,  which  is  a comparatively  easy  and  rapid 
process. 

The  Faure  cell  had  a serious  fault  in  that  the  salt 
was  not  closely  adherent  to  the  plate  and  in  the  course 
of  time  it  would  fall  off,  and,  collecting  at  the  bottom 
of  the  cell  would  cause  short-circuiting  of  the  plates, 
when  the  cell’s  action  would  cease.  This  fault  was  soon 
overcome  by  constructing  the  lead  plates  in  the  form  of 
a grid  so  as  to  mechanically  hold  the  salt  in  its  place. 
The  openings  of  the  positive  plate  were  filled  with 
minium  and  those  of  the  negative  plate  with  litharge, 
PbO.  The  minium,  Pb304,  of  the  positive  plate  is  then 
reduced  to  the  peroxide  by  electrolysis  which  takes 
about  twenty-four  hours’  time,  and  the  litharge  of  the 
negative  plate  is  reduced  to  spongy  lead  which  requires 
about  six  days.  When  this  is  done  at  the  factory 
special  appliances  are  used  for  this  purpose. 

The  cell  when  fully  charged  has  two  well-marked 
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plates.  Tlie  peroxide  of  lead  of  the  positive  plate  is 
brownish  in  color,  and  the  porous  lead  of  the  negative  is 
slate  colored.  When  the  cell  is  discharged  both  plates 
assume  the  same  appearance,  for  the  reason  that  the 
chemical  action  during  the  discharge  has  been  to  reduce 
the  peroxide  of  the  positive  and  the  spongy  lead  of  the 
negative  to  the  same  substance.  The  peroxide  is  re- 
duced to  a monoxide  and  the  spongy  lead  has  been  oxi- 
dized. An  atom  of  oxygen  has  left  the  peroxide  and 
an  atom  of  oxygen  has  been  added  to  the  spongy  lead. 
Upon  recharging,  the  opposite  chain  of  reductions  takes 
place,  an  atom  of  oxygen  is  taken  from  the  negative 
plate  which  reduces  that  to  spongy  lead,  and  an  atom  of 
oxygen  is  added  to  the  monoxide  of  the  positive,  making 
that  a peroxide. 

When  the  circuit  is  closed  and  the  cell  is  at  work 
there  is  more  or  less  activity  in  the  lead  salts,  and  unless 
these  are  firmly  anchored  they  are  liable  to  misplace- 
ment. Herein  is  the  principal  difference  to  be  found 
in  commercial  batteries,  the  objects  to  be  attained  be- 
ing the  holding  of  the  salts  in  contact  with  the  plate 
sufficiently  firm  to  withstand  the  most  violent  electric 
discharge  and  mechanical  usage.  Some  employ  a plate 
perforated  with  dove-tailed  holes  which  securely  anchor 
the  paste.  Others  make  up  the  plates  of  alternate  strips 
of  lead  and  the  paste.  Tn  fact,  there  are  as  many 
methods  of  making  the  plates  as  there  are  manufacturers 
of  storage  cells. 

The  completed  cell  consists  of  an  odd  number  of 
plates.  Beginning  with  a negative,  they  are  arranged 
alternately  positive  and  negative,  and  stopping  with  a 
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negative.  The  plates  usually  have  a projecting  lug,  and 
are  so  arranged  in  the  cell  that  all  the  positive  lugs  are 
on  the  one  side  and  the  negatives  are  on  the  other.  The 
positives  are  then  connected  to  a common  strip  which 
forms  the  positive  terminal  and  the  negatives  to  another 
which  forms  the  negative  terminal. 

The  greatest  care  is  exercised  in  preventing  lateral 
contact  between  the  plates.  For  this  purpose  vulcanite 
rods,  or  any  substance  which  will  withstand  the  action 
of  the  acid  and  which  is  not  a conductor  of  electricity 
may  be  used.  In  portable  batteries  perforated  rubber 
grids,  asbestos,  or  cellulose  partitions  are  used. 

If  the  battery  is  to  be  stationary,  a glass  jar  is  the 
best  vessel  for  containing  the  plates,  as  it  admits  of  a 
free  inspection  of  the  condition  of  the  cell.  If  ridges 
project  upwardly  from  the  bottom  of  the  jar,  upon 
which  the  plates  can  rest,  there  will  be  little  danger 
of  short-circuiting  within  the  cell  by  an  accumulation 
of  the  paste  at  the  bottom.  When  the  cell  is  to  be  used 
for  portable  pui’poses,  the  jar  is  made  of  vulcanite  and 
the  top  is  entirely  closed  save  foe  a small  opening  for 
vent. 

The  electrolyte  used  in  the  storage  cell  is  a dilute 
solution  of  sulphuric  acid  in  the  proportion  of  one  of 
acid  to  four  of  water.  This  has  a specific  gravity  of 
1.11  or  19  degrees  Baume.  While  a solution  with  a 
larger  per  cent,  of  sulphuric  acid  would  be  a better  con- 
ductor, it  increases  the  tendency  to  the  formation  of  a 
sulphate  upon  the  surface  of  the  plates  which  is  not  only 
a non-conductor,  but  decreases  the  area  of  active  surface. 
The  strength  of  the  solution  varies  considerably  during 
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tlie  working  of  the  cell,  so  much  so  that  if  an  acidometer 
he  used,  the  amount  of  charge  can  be  told  thereby.  The 
percentage  of  acid  increases  as  the  cell  becomes  charged 
and  the  reverse  when  the  cell  is  discharged.  The 
density  at  the  beginning  of  a charge  may  he  1.16  but 
when  the  cell  has  been  fully  charged  it  may  be  1.22, 
which  is  equivalent  to  changing  the  proportions  of  acid 
from  one  to  four,  to  one  to  three  parts.  The  range 
between  the  two  is  such  that  the  acidometer  may  be 
employed  to  tell  the  degree  of  the  electric  charge  in  the 
cell. 

With  the  increase  in  the  acidity  of  the  solution  the 
internal  resistance  of  the  cell  decreases.  This  con- 
tinues till  the  proportions  are  about  equal  after  which 
an  addition  of  acid  increases  the  resistance.  Absolutely 
pure  sulphuric  acid  is  not  as  good  a conductor  as  a 
weak  solution  of  the  same. 

In  preparing  the  acid  solution  earthenware  jars  are 
the  best  vessels  that  can  be  used.  Considerable  heat  is 
generated  by  mixing  sulphuric  acid  with  water  which 
a glass  vessel  will  not  withstand.  The  acid,  one  to  four 
of  water,  should  be  slowly  added  to  the  water,  and  not 
the  reverse.  The  mixture  should  then  stand  till  cool 
before  being  put  in  the  cells. 

The  storage  cell  produces  a working  electromotive 
force  of  two  volts.  The  average  voltage  produced  by 
primary  cells  is  a little  over  one  volt,  depending  upon 
the  character  of  the  cell.  At  one  extreme  the  Smee 
cell  scarcely  exceeds  half  a volt  and  at  the  other  the 
chromic  acid  and  Fuller  cells  reach  as  high  as  two 
volts,  but  the  average  working  voltage  of  the  primary 
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cell  is  but  little  more  than  one  volt.  We  thus  see  a 
marked  difference  between  the  primary  and  storage  cell 
in  respect  to  the  voltage  of  the  cell. 

Another  feature  of  the  storage  cell  is  the  even  pres- 
sure which  it  maintains  throughout  the  discharge. 
Most  primary  batteries  show  a gradual  decline  from 
the  beginning  of  their  use  till  consumed,  whereas  the 
storage  battery  maintains  a practically  uniform  pres- 
sure throughout  the  discharge.  When  the  storage  cell 
is  freshly  charged  the  pressure  may  reach  2.25  volts, 
but  this  being  due  to  the  accumulation  of  free  oxygen 
on  the  positive  plates  and  hydrogen  on  the  negative  it 
soon  drops  to  about  two  volts.  These  gases  are  the  first 
to  be  reduced,  and  in  the  course  of  half  an  hour  the 
voltage  has  dropped  to  its  normal  working  pressure 
where  it  remains  till  the  cell  is  about  discharged. 

The  capacity  of  a storage  cell  depends  upon  the  area 
of  positive  surface,  and  this  is  determined  by  the  num- 
ber and  size  of  the  plates.  The  capacity  is  rated  in 
am-pere  hours.  A cell  of  thirty  ampere  hours  is  said 
to  give  a current  of  thirty  amperes  for  one  hour,  or 
one  ampere  for  thirty  hours.  This  is  theoretically  what 
such  a cell  should  do,  but  in  practice  it  is  found  that  if 
discharged  too  rapidly  much  of  the  stored  energy  is 
not  effectively  utilized.  A thirty-ampere  hour  cell  when 
discharged  at  an  excessive  rate  may  not  yield  more  than 
twenty  ampere  hours.  Moreover,  a storage  cell  cannot 
be  discharged  at  a very  high  rate  with  safety,  as  the 
rapid  chemical  action  and  the  evolution  of  gases  tends 
to  loosen  the  salts  from  the  grid.  The  rate  of  discharge 
should  not  exceed  one-fifth  of  the  cell's  capacity.  Thus 
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it  will  be  seen  that  two  important  features  are  involved 
in  using  a low  rate  of  discharge;  the  efficiency  of  the 
cell  is  greatest  and  it  is  not  endangered  thereby. 

The  capacity  of  the  cell  is  proportionate  to  its  bulk 
and  weight.  The  earlier  cells  of  the  Plante  type  sup- 
plied about  three  amperes  for  each  square  foot  of  posi- 
tive lead  surface,  but  the  modern  accumulators  having 
pasted  plates,  have  double  that  capacity.  If  the  capac- 
ity he  estimated  by  weight  a modern  cell  will  give  about 
four  ampere  hours  for  each  pound  of  lead.  The  grid 
is  composed  of  metallic  lead  and  this  makes  up  the 
principal  weight  of  the  cell.  For  special  cases  the  grid 
can  be  made  quite  thin  and  the  efficiency  of  the  cell 
still  retained.  Portable  batteries  are  made  in  this 
manner,  and  many  of  them  will  give  five  ampere  hours 
per  pound  of  lead.  This  refers  only  to  the  weight  of  - 
the  metallic  lead  composing  the  grid.  A complete 
cell  of  thirty  ampere  hours  would  weigh  about  thirteen 
pounds.  Of  this  the  plates  weigh  eight  pounds,  the 
solution  two  pounds,  and  the  containing  vessel  and  the 
connections  about  three  pounds. 

The  storage  cell  can  only  be  charged  by  a current 
which  flows  continually  in  one  direction.  The  under- 
lying principle  of  the  storage  cell  is  the  changes  which 
take  place  in  the  lead  and  lead  salts.  These  changes 
are  produced  by  electrolysis,  and  the  electrical  charge 
depends  upon  the  depth  or  quantity  of  lead  salts  that 
have  been  thus  changed.  Hence  there  must  not  only  be 
a change  in  the  active  material,  but  there  must  be  a 
quantity  of  the  material  changed.  This  can  only  be 
done  bv  a current  which  flows  in  one  direction,  for  a re- 
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versal  in  the  direction  of  the  current  would  reduce  what 
had  been  previously  built  up.  An  alternating  cur- 
rent would  produce  an  electrolytic  change  at  its  first 
impulse,  but  this  would  be  undone  upon  reversal  of 
direction.  It  is  for  this  reason  that  the  alternating 
current  cannot  be  used  for  charging  storage  cells  or  for 
any  other  electrolytic  purposes.  In  order  to  effect  a 
deep  change  in  the  lead  and  its  salts  the  charging  cur- 
rent must  flow  continually  in  one  direction.  Such  a 
one  is  known  as  a constant  current  and  is  found  in  the 
Edison  system  for  incandescent  lighting,  the  two  hun- 
dred and  twenty  volt  power  current,  the  car  current  and 
the  arc-light  current. 

The  charging  current  must  also  be  of  high  enough 
pressure  to  overcome  the  voltage  of  the  cell.  Every 
cell  while  being  charged  has  its  external  circuit  closed 
through  the  charging  appliance,  whether  it  be  a set  of 
primary  cells  or  a dynamo ; and  the  storage  cell  would 
discharge  through  the  charging  appliance  if  the  latter 
had  not  pressure  enough  to  overcome  that  of  the  stor- 
age cell  as  it  became  charged.  The  pressure,  therefore, 
at  which  a storage  cell  is  charged  should  be  at  least  two 
and  five-tenths  volts.  The  charging  current  may  be  of 
a thousand  volts  if  its  ampere  strength  is  not  higher 
than  the  capacity  of  the  cell.  Tt  is  for  this  reason  that 
storage  cells  may  be  charged  bv  a few  primary  cells 
or  by  an  arc-light  current.  So  long  as  the  charging  cur- 
rent is  not  of  too  high  ampere  strength  no  harm  will  be 
done.  It  is  customary  to  charge  at  about  the  same  rate 
as  that  at  which  the  coll  is  discharged.  The  arc-light  cur- 
rent is  one  of  from  eight  to  twelve  amperes’  strength,  and 
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a storage  cell  of  one  hundred  ampere  hours  or  over  can 
be  charged  by  this  current  without  danger  to  the  cell. 
Or,  a set  of  smaller  cells  whose  ampere  hours  are  a hun- 
dred or  more,  may  he  charged  by  the  same  current  if 
they  are  connected  in  parallel.  In  this  way  the  ampere 
strength  of  the  charging  current  is  divided  between  the 
cells  so  that  each  cell  only  receives  a part  of  the  charging 
current. 

In  making  the  connections  for  charging,  the  positive 
terminal  of  the  charging  current  is  to  he  attached  to 
the  positive  plate  of  the  cell  and  the  negative  terminal 
to  the  negative  plate.  The  positive  plate,  if  not 
marked,  can  be  told  by  its  dark  color  and  the  negative 
plate  by  its  light  slate  color.  The  polarity  of  the  charg- 
ing current  can  be  told  by  the  pole  detector.  Another 
and  a very  convenient  method  is  to  dip  the  terminals, 
if  not  carrying  a dangerous  current,  in  a glass  of  water. 
Bubbles  of  gas  will  form  on  the  negative  terminal.  If 
the  charging  current  is  weak  the  water  inav  he  acidu- 
lated when  the  effect  will  be  more  pronounced.  A strip 
of  moistened  litmus  paper  can  also  he  used  for  testing. 
This  will  give  a red  color  at  the  positive  terminal  and  a 
blue  color  at  the  negative  terminal. 

The  time  required  to  charge  a storage  battery  depends 
upon  the  strength  of  the  current  and  the  size  of  the 
cell.  A cell  of  twenty-five  ampere  hours  would  require 
about  nine  hours  to  charge  at  a safe  rate  of  about  three 
amperes,  and  a current  of  about  one  and  one-half  am- 
pere strength  would  require  twice  that  length  of  time. 

There  are  three  indications  as  to  when  the  battery  is 
fully  charged.  First,  the  excessive  liberation  of  gas. 
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The  free  gas  in  the  liquid  gives  a milky  appearance. 
If  the  current  be  strong  the  evolution  of  gas  amounts 
almost  to  boiling  of  the  liquid.  Second,  the  density  of 
the  liquid.  As  the  battery  becomes  charged  the  propor- 
tion of  acid  increases  and  the  solution  becomes  heavier. 
At  the  beginning  of  the  charge  the  density  may  be  1.16, 
and  as  the  charge  increases  the  density  of  the  liquid 
increases  to  about  1.22.  This  change  in  the  density  is 
readily  shown  by  the  acidometer  and  when  measured  by 
the  Baume  gauge  will  have  a range  of  about  six  degrees. 
At  the  beginning  of  the  charge  the  specific  gravity  will 
be  low  and  will  be  about  twenty  degrees  Baume.  The 
reading  will  go  up  to  about  twenty-six  degrees  when  the 
cell  is  fully  charged.  The  third  indication  of  the 
strength  of  the  change  is  shown  by  the  voltage  of  the 
cell,  which  gradually  rises  to  two  volts  and  over.  When 
a pressure  of  2.25  volts  is  attained  the  cell  is  fully 
charged.  This  pressure,  by  the  rapid  reduction  of  the 
free  gas,  soon  drops  to  about  two  volts  where  it  remains 
till  the  cell  is  discharged. 

It  would  seem  that  from  the  great  variety  of  modern 
accumulators  other  substances  than  lead  and  sulphuric 
acid  might  be  successfully  used,  but  it  is  a noticeable 
fact  that  while  other  materials  have  been  employed  and 
in  some  instances  have  cheapened  and  simplified  the 
construction,  they  have  not,  except  in  a few  instances, 
attained  commercial  importance.  The  only  cells  which 
may  be  said  to  compete  with  the  lead-sulphuric-acid 
type  are  those  of  the  lead-zinc  type.  In  these  cells 
the  lead  forms  the  positive  and  the  zinc  the  nega- 
tive plate,  and  the  electrolyte  is  a zinc-sulphate  solution. 
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The  other  less  important  varieties  are  lead-copper 
in  a copper-sulphate  solution,  spongy  antimony  and 
oxidized  antimony  in  a sulphuric-acid  solution,  man- 
ganese dioxide  and  iron  in  an  iron-salt  solution,  and 
many  others  made  up  in  like  manner  of  various  metals 
and  solutions.  The  action  and  efficiency  of  some  of 
these  is  so  feeble  as  to  be  scarcely  distinguishable  from  a 
primary  battery.  As  a matter  of  fact  many  so-called 
primary  cells  are  capable  of  being  used  as  storage  cells 
under  certain  conditions,  but  their  efficiency  does  not 
warrant  that  they  be  classed  as  storage  cells.  The  lead 
sulphuric-acid  type  is  the  cell  most  generally  employed, 
and  the  principal  difference  to  be  found  in  the  great 
variety  upon  the  market  is  the  method  of  holding  the 
active  material  in  contact  with  the  lead  plate.  The 
simplest  are  constructed  in  such  a manner  that  the 
lead  of  the  grid  mechanically  holds  the  active  material 
within  it.  A sectional  view  of  the  grid  would  show 
a depression  or  hole  more  or  less  dove-tail  in  shape 
for  holding  the  active  material.  Another  style  will 
show  a hole  in  the  plate  with  a constricted  center  so 
that  the  active  material  is  somewhat  the  shape  of  an 
hour-glass.  Another  and  a very  popular  cell  has  its 
plate  made  with  outstanding  and  upturned  leaves  which 
hold  the  active  material  between  them,  and  still  another 
style  has  the  plate  cast  about  prepared  pastilles  which 
are  afterward  converted  into  active  material  by  a 
chemical  process.  By  the  last  method  there  is  a closer 
union  between  the  lead  salt  and  the  plate  than  can  be 
obtained  by  the  pasting  process. 

The  principal  aim  of  all  manufacturers  of  storage 
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cells  is  to  construct  a plate  which  will  present  a large 
active  surface,  and  at  the  same  time  withstand  a heavy 
discharge  without  losing  the  active  material.  During 
both  the  charging  and  discharging  of  the  cell,  chemical 
and  electrolytic  actions  are  operative,  and  this  is  propor- 
tionate  to  the  amount  of  current.  During  the  charging 
of  the  cell  there  is  a contraction  and  during  the  dis- 
charging an  expansion  of  the  plates.  An  intermediate 
step  in  the  discharge  of  the  cell  is  the  formation  of  lead 
sulphate,  and  also  the  evolution  of  gas,  both  of  which 
act  expansively  upon  the  plates.  This  tends  in  the 
course  of  time  to  loosen  the  active  material,  and  to 
change  the  shape  of  the  plates.  Many  plates  are  so 
constructed  as  to  still  retain  the  active  material,  even 
though  it  may  be  loose,  but  it  is  more  difficult  to  prevent 
the  buckling.  The  latter  is  due  to  unequal  expansion, 
and  can  only  be  prevented  by  an  even  proportion  and 
distribution  of  active  material  and  the  lead  matrix.  The 
warping  of  the  plates  has  been  one  of  the  most  serious 
faults  of  the  storage  batteries,  and,  knowing  that  there 
must  be  more  or  less  of  it,  the  manufacturers  pay  close 
attention  to  the  details  of  insulation,  so  that  in  the 
event  of  buckling  it  will  be  impossible  to  do  so  to  the 
extent  of  touching  a neighboring  plate. 

When  the  battery  is  to  be  used  for  stationary  pur- 
poses, the  plates  are  stood  upright  and  insulated  from 
one  another  by  vulcanite  rods  or  perforated  sheets  of 
cellulose.  When  used  for  portable  purposes,  however, 
it  is  best  to  arrange  the  plates  horizontally,  and  those 
cells  which  are  designed  for  the  latter  purpose  have 
their  grids  especially  constructed,  and  an  insulating 
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material  is  used  which  will  certainly  prevent  contact  of 
the  plates  and  a penetration  of  the  salts  which  loosen 
in  the  course  of  time.  Asbestos  cloth  and  cellulose  are 
largely  used  for  insulating  purposes  in  such  cases. 

If  the  cells  are  stationary,  and  are  not  too  large,  the 
containing  vessel  should  he  of  glass  so  as  to  allow  free 
inspection  of  the  condition  of  the  plates.  When  used 
for  portable  purposes,  however,  the  vessel  should  be  of 
hard  rubber  and  covered  with  a plate  of  the  same  ma- 
terial. This  is  let  into  the  top  and  sealed  around  the 
edges  with  melted  paraffine  and  beeswax.  A small  vent 
is  provided  for  the  escape  of  gas. 

If  the  construction  of  the  principal  types  of  storage 
batteries  were  to  he  examined  somewhat  in  detail,  a 
noticeable  feature,  apparent  in  all  of  them,  is  the  effort 
to  use  a grid  which  will  mechanically  hold  the  active 
material  in  its  place  and  at  the  same  time  present  a 
large  quantity  and  area  of  the  material  to  the  action 
of  the  electrolyte. 

The  American  battery  uses  a grid  having  outstand- 
ing ribs  which  contain  the  active  material  between 
them.  The  walls  of  the  ribs  are  parallel,  and  if  the  cell 
is  not  put  to  portable  use,  the  adhesion  of  the  paste  to 
the  lead  is  sufficient  to  keep  it  in  place.  Both  sides  of 
the  plate  are  ribbed  alike.  By  this  means  the  contraction 
and  expansion  goes  on  equally,  and  such  a plate  will  not 
warp  unless  the  active  material  is  very  unevenly  ap- 
plied. To  insure  a more  even  distribution  of  material 
and  a better  union  with  the  plate,  the  active  salt  is 
formed  on  the  plate  by  an  electrochemical  process  not 
unlike  the  Plante  method  till  the  interstices  between  the 
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ribs  are  filled.  A sectional  view  of  the  American  plate 
is  shown  in  Fig.  62. 

Each  plate  has  an  upstanding  lug  as 
shown  in  Fig.  66  for  making  the  con- 
nections. This  lug  is  slotted  for  the 
purpose  of  receiving  a heavy  strip  of 
lead  which  forms  the  common  terminal 
of  all  the  plates  of  the  same  kind  in  the 
cell.  When  the  plates  are  assembled, 
they  are  so  arranged  that  the  lugs  of  the 
positive  plates  come  on  one  side  and 

Fig.  62. — sectional  those  of  the  negative  on  the  other,  as 
view  of  plate.  shown  in  Fig.  64.  The  common  con- 
necting piece  has  a long  and  heavy  strip  which  is  in- 
tended to  reach  to  the  next  cell  and  be  firmly  bolted  to  a 
like  strip  from  that  cell. 

In  connecting  up  the  cells,  the 
strip  from  the  positive  plates  of  one 
cell  is  connected  to  the  one  from  the 
negative  plates  of  the  next  cell,  and 
this  order  followed  throughout.  In 
this  way  a free  strip  remains  at  each 
end  of  the  series  which  will  be  found 
to  be  of  opposite  polarity.  These 
then  form  the  connecting  terminals 
for  the  outside  circuit. 

Another  form  of  storage  cell  quite 
similar  to  the  one  just  described  is  the  Willard.  The 
plate  of  this  cell  as  shown  in  Fig.  65  differs  from  the 
other  only  in  respect  to  the  angle  at  which  the  ribs  or 
shelves  stand. 


Fig.  63.— Plate  of 
American  Cell. 
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degrees 


Fig.  6L— American  Cell. 


They  are  inclined  upward  at  an  angle  of  twenty 
and  are  also  slightly  curved.  Bv  this 

means  a good  mechanical 
support  is  obtained  for 
the  active  material.  Both 
sides  of  the  plate  being- 
treated  alike,  there  is  no 
warping.  The  active  ma- 
terial is  electrochemi- 
cally  formed,  and  thus 
additional  strength  of  fix- 
ation on  the  plate  is  se- 
cured. 

• The  next  cell  to  claim 
attention  is  one  widely 
different  in  the  method 
and  details  of  construc- 
tion from  the  foregoing,  and  yet,  when  studied,  the 
chemical  and  electrolytic  action  is  the  same.  The  cell  is 
called  the  Chloride  Accumulator  and  is  made  in  the  fol- 
lowing manner : 

Lead  chloride  and  zinc  chloride  are  mixed  together 
and  cast  into  molds  which  give  it  the  form  of  blocks 
three-quarters  of  an  inch  square  by  five-sixteenths  of  an 
inch  thick.  These  are  to  be  used  in  tbe  negative  plates. 
For  the  positive  the  lead-zinc  chloride  is  cast  into 
lozenge-shaped  pieces  about  tbe  same  size  as  those  for 
the  negative.  It  is  customary  to  cast  the  buttons 
for  both  plates  in  groups  of  four.  These  groups 
are  then  arranged  in  a mold  and  a mixture  of  lead  and 

antimony  under  heavy  pressure  is  cast  around  them. 

12 
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The  buttons  having  been  slightly  beveled  in  the  original 
casting  are  now  rigidly  fixed  in  the  lead  matrix. 

The  next  step  is  the  conversion  of  the  lead-zinc  chlor- 
ride  into  spongy  lead,  which  is  chemically  done  by  im- 
mersing the  plates  in  a dilute 
solution  of  zinc  chloride  al- 


Pl.ATE. 


ternating  them  with  sheets  of 
metallic  zinc.  The  battery 
plates  and  the  zinc  sheets 
when  brought  in  contact  pro- 
duce a short  circuit,  which 
electrochem  ically  removes 
the  zinc  chloride  and  the 
chlorine  from  the  pastilles  of 
the  plate. 

This  leaves  the  pastilles  in 
the  form  of  spongy  lead 
not  only  closely  united  with  the  lead  frame  of  the  plate, 
but  in  such  a fine  state  of  division  as  to  present  a very 
large  area  for  electrochemical  action.  The  spongy  lead 
is  crystalline  in  character,  the  crystals  being  arranged 
with  their  long  axes  pointing  outward.  This  affords 
ready  means  for  electrolytic  reactions  without  danger 
of  breaking  up  the  pastille.  It  also  presents  the  maxi- 
mum surface  for  the  same,  thereby  largely  increasing 
the  cell’s  capacity  without  adding  to  its  weight.  A 
view  of  one  of  these  cells  is  shown  in  Tig.  66. 

While  a plate  constructed  in  the  foregoing  manner 
will  not  easily  lose  its  active  material,  an  insulating 
sheet  of  asbestos  cloth  is  placed  between  each  plate  as 
an  additional  safeguard.  The  cloth  allows  good  cir- 
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dilation  o±  the  electrolyte,  and  does  not  appreciably 
increase  the  internal  resistance.  When  these  cells  are 
intended  for  portable  use  rubber  jars  are  used  instead 
of  glass.  Six  such  cells  are  shown  in  Fig.  67. 

The  Silvey  battery  takes  its  name  from  its  inventor, 
W.  L.  Silvey.  The  distinct  features  of  this  cell  are  the 

method  of  preparing  the 
active  material  and  the 
plan  of  combining  the 
several  plates  in  the  cell. 

The  grid  is  of  the 
usual  perforated  type. 
The  active  material 
which  fills  the  perfora- 
tions is  prepared  by  em- 
ploying what  is  known  as 
lead  dust,  finely  divided 
lead,  mixed  with  sul- 
phate of  soda,  five  to 
eight  per  cent.  by 
weight  and  just  enough 
water  to  form  a thick  paste.  When  this  is  hung  up 
to  dry,  the  sulphuric  acid  of  the  sodium  sulphate  at- 
tacks the  finely  divided  lead  forming  lead  sulphate, 
which  permanently  binds  the  paste  together,  and  also 
causes  it  to  become  adherent  to  the  metallic  grid.  The 
sodium  sulphate  thus  furnishes  the  sulphuric  acid  nec- 
essary for  further  forming  of  the  plate,  and  also  pro- 
duces a porosity  of  the  plate,  a very  important  feature. 

After  the  lead  sulphate  has  formed,  the  plate  is  im- 
mersed in  water  which  dissolves  out  the  sulphate  of  soda, 


Fig.  The  Chloride  Cell. 
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leaving  a very  porous  filling  of  finely  divided  metallic 
lead  and  lead  sulphate.  The  plates  are  then  immersed 
in  a bath  of  sulphuric  acid,  one  part  to  four  of  water, 
which  completes  the  sulphating  process.  -They  are  then 
ready  for  mounting  in  the  cell  and  charging.  In  pass- 
ing a current  through  the  cell,  the  plates  are  converted 
into  either  positives  or  negatives  according  to  the  direc- 
tion of  the  charging  current. 


Fig.  67.— The  Chloride  Battery. 


The  Silvev  cell  possesses  another  advantage  in  the 
manner  of  assembling  the  plates  in  the  completed  cell 
which  is  shown  in  Tig.  08. 

Instead  of  arranging  them  perpendicularly,  as  in 
most  cells,  they  are  placed  horizontally.  Each  plate, 
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which  may  be  either  square  or  round,  has  a recess  in  one 
of  its  edges  the  object  of  which  is  to  allow  the  connect- 
ing bar  of  the  neighboring  plates  to  pass  through  with- 
out contact.  The  plates  are  all  molded  alike,  but  the 
alternate  ones  are  reversed,  and  in  this  manner  a bar 
connecting  all  the  plates  on  one  side  will  be  of  one  polar- 
ity and  the  bar  connecting  all  the  plates  of  the  other 


Fig.  68.— The  Sii.vey  Cell. 

side  will  be  of  the  opposite  polarity.  The  plates  are 
insulated  from  one  another  by  means  of  a thin  board  of 
cellulose. 

This  cell  is  especially  fitted  for  portable  use  inasmuch 
as  any  loosening  of  the  active  material  cannot  produce  a 
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short  circuit,  by  reason  of  the  horizontal  arrangement 
of  the  plates. 

A cell  widely  different  from  the  foregoing  is  known 
as  the  High  Tension  Cell.  This  is  an  analogue  of  the 
voltaic  pile.  The  voltaic  pile  consists  of  a column  of 
plates  of  zinc,  absorbent  insulator,  and  copper,  in  the 
order  named.  This  was  a primary  battery.  In  the 
high-tension  battery  the  zinc  plate  is  replaced  by  a 
layer  of  peroxide  of  lead,  the  absorbent  material  is 
essentially  the  same,  and  the  copper  plate  is  replaced  by 
the  layer  of  spongy  lead.  We  thus  have  in  the  most  com- 
pact space  the  essentials  of  the  storage  battery.  Instead 
of  there  being  a vessel  to  contain  the  plates,  both  sides  of 
which  are  the  same  electrically,  the  lead  plates  are  them- 
selves the  cell  divisions,  and  the  opposite  sides  are  oppo- 
sitely charged.  One  side  of  each  plate  is  coated  with  a 
layer  of  lead  peroxide,  and  the  other  side  is  in  the  form 
of  spongy  lead.  When  these  plates  are  arranged  in  a 
pile  with  the  positive  side  of  one  plate  facing  the  nega- 
tive side  of  its  neighbor,  but  insulated  from  one  another 
by  an  acid  absorbent  pad,  each  plate  has  twice  the  usual 
electromotive  force,  and  this  lias  given  it  the  name  it 
bears. 

A second  feature  of  this  cell  is  the  position  of  the 
plates ; they  are  arranged  horizontally  instead  of  per- 
pendicularly. They  also  admit  of  being  firmly  bound 
together,  so  that  the  tendency  to  warp  is  overcome.  The 
electrolyte  is  held  between  the  plates  by  a thick  pad  nf 
absorbent  material,  and  there  being  no  free  liquid,  the 
battery  is  especially  suitable  for  portable  purposes. 
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A third  feature  of  this  cell  is  its  comparatively  light 
■weight.  A cell  of  twenty-five  ampere  hours  weighs 
approximately  one  hundred  pounds,  while  cells  of  the 
usual  type  weigh  almost  twice  as  mpch. 

A twenty-eight  volt,  twenty-five  ampere  hour  battery 
is  shown  in  Fig.  69. 


Fig.  69.— High-Tension  Pile  of  Twenty-Five 
Ampere  Hours. 


The  edge  of  each  lead  plate  is  seen,  and  between 
these  somewhat  further  in  is  the  edge  of  the  absorbent 
acid  pad.  There  are  no  connections  between  the  plates 
as  in  other  cells,  and  the  connections  for  the  external 
circuit  are  made  to  lips  extending  from  the  uppermost 
and  lowermost  plates.  That  from  the  lower  plate  is 
usually  carried  to  the  top  of  the  pile  but  carefully  in- 
sulated from  the  edges  of  the  plates  -which  it  passes. 
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The  Rheostat. 

The  regulation  of  the  flow  of  current,  and  the  con- 
trol of  instruments  using  it,  are  accomplished  by  means 
of  the  rheostat.  This  appliance  produces  the  same  effect 
in  electricity  that  the  valve  does  in  hydrostatics.  It 
affords  a convenient  and  accurate  means  of  modifying 
the  strength  of  the  electric  current  to  suit  the  require- 
ments of  the  instrument  under  operation. 

The  rheostat  is,  strictly  speaking,  a compact  re- 
sistance to  the  flow  of  current  with  a ready  means 
of  cutting  more  or  less  in  or  out  of  the  circuit.  The 
effect  of  introducing  resistance  in  the  circuit  is  to 
diminish  the  flow  of  current,  which  causes  diminished 
activity  of  the  instrument  or  process  which  is  in  series 
with  the  rheostat.  In  like  manner  the  opposite  effect 
upon  the  instrument  or  process  is  produced  by  cutting 
the  resistance  out  of  the  circuit.  If  an  arm  is  so  ar- 
ranged that  in  describing  an  arc  it  will  play  upon  suc- 
cessive points  of  contact  between  which  there  is  a con- 
tinuous chain  of  resistance,  then  turning  the  arm  in 
one  direction  will  introduce  resistance  into  the  circuit 
and  turning  it  in  the  opposite  direction  will  cut  it  out. 

The  form  of  rheostat  most  frequently  met  with  is 
made  upon  this  principle,  and  is  diagrammatically 

shown  in  Eig.  70,  where  the  resistance  consists  of  a 
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continuous  length  of  wire  with  contact  buttons  equally 
distributed,  and  is  used  to  regulate  the  speed  of  a 
motor.  When  the  lever  is  on  the  first  button,  as  shown, 
the  current  must  flow  through  all  the  coils  of  the  rheostat 
and  the  resistance  is  greatest.  The  motor  now  runs  at 
its  slowest  speed.  When  the  lever  is  pushed  forward  to 


Fig.  70.— Diagrammatic  Illustration  of  Rheostat 
and  Motor. 

the  second  button,  the  current  no  longer  flows  through 
the  coils  of  wire  betweeen  buttons  one  and  two,  and  this 
branch  being  cut  out  the  speed  of  the  motor  is  increased. 
In  this  manner  the  speed  of  the  motor  is  increased  as 
the  lever  is  pushed  over  the  successive  buttons  till  the 
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last  one  to  the  right  is  reached  where  the  fullest  speed  is 
attained.  In  the  same  way  heating  appliances  and  elec- 
trolytic processes  are  regulated  by  means  of  the  rheostat. 

The  material  used  for  resistance  is  most  commonly 
a metal  wire  or  ribbon  of  comparatively  high  specific 
resistance.  Carbon  and  water  also  make  very  good  re- 
sistance, and  in  some  cases  are  even  more  suitable  than 
metal.  All  metals  increase  their  resistance  with  a rise 
of  temperature,  whereas  carbon  and  water  decrease 
their  resistance  as  they  become  heated.  A metal  of  high 
specific  resistance  is  selected  for  this  purpose,  because 
of  the  economy  of  material  and  space.  Silver  and 
copper  wire,  while  being  the  best  conductors,  if  fine 
enough  and  long  enough,  will  offer  considerable  resist- 
ance to  the  flow  of  current,  but  these  are  not  used  for 
resistance  because  of  the  comparatively  large  quantity 
necessary  to  secure  the  same  amount  of  resistance  that 
would  be  given  by  a short  length  of  wire  of  higher  spe- 
cific resistance. 

When  metal  is  employed,  one  is  selected  which  will 
also  withstand  a high  temperature  without  changing 
form,  as  in  practice  the  rheostat  dissipates  the  surplus 
electric  energy  in  the  form  of  heat.  Tor  this  reason, 
the  higher  the  temperature  allowable,  the  greater  can 
be  the  resistance  in  a given  space,  and  if  in  the  construc- 
tion of  the  rheostat  ventilation  or  means  of  rapid 
radiation  is  observed,  one  of  large  electrical  capacity 
can  be  made  in  a very  compact  form.  The  heating  of 
the  rheostat  is,  therefore,  a part  of  its  proper  function, 
and  so  long  as  it  is  within  safe  limits  it  should  not  cause 
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The  metals  most  commonly  employed  for  resistance 
are  german  silver  and  iron.  If  copper  be  considered  as 
one,  the  relative  resistance  of  iron  would  be  six,  and 
german  silver  thirteen  times  that  of  the  first  named 
metal.  Both  of  these  metals  have  a high  melting' 
point,  and  have  a comparatively  high  resistance. 
There  is  a feature  peculiar  to  each  of  these  metals,  how- 
ever, that  is  not  to  be  overlooked  when  used  for  elec- 
trical resistance.  As  previously  stated,  most  metals  in- 
crease their  resistance  as  they  become  heated,  and  for 
some  purposes  this  may  he  desirable,  but  for  purposes  of 
motor  regulation,  for  testing,  and  the  like,  the  resist- 
ance should  not  perceptibly  increase  with  the  heat.  The 
resistance  of  iron  increases  about  five-tenths  per  cent, 
with  a rise  of  temperature,  whereas  german  silver  only 
increases  four-hundredths.  For  this  reason  iron  is  used 
only  where  cheapness  of  construction  is  desirable,  and 
a uniform  resistance  is  of  little  importance.  The  per- 
centage of  variation  of  the  resistance  of  german  silver, 
on  the  other  hand,  is  so  small  that  it  need  not  be  con- 
sidered when  this  metal  is  used  in  the  practical  con- 
struction of  rheostats  for  ordinary  purposes. 

The  alloy,  platinoid,  which  consists  of  german  silver 
alloyed  with  one  or  two  per  cent,  of  metallic  tungsten, 
has  sixty  per  cent,  higher  resistance  than  german  silver, 
and  has  even  a smaller  percentage  of  temperature  varia- 
tion of  resistance. 

There  has  recently  appeared  upon  the  market  a 
metal  made  especially  for  resistance  purposes,  known  as 
“climax”  resistance  wire,  which  has  forty-eight  tinier 
the  resistance  of  copper.  This  enables  a high  amount 
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of  resistance  to  be  contained  in  a very  small  space. 
The  metal  also  has  a high  fusing  point,  differing 
hut  little  from  german  silver  while  its  temperature 
variation  is  even  less  than  that  of  the  latter  metal.  For 
the  purpose  of  testing,  an  alloy  composed  of  platinum 
one  part  and  silver  two  parts,  which  has  a resistance 
sixteen  times  that  of  copper,  has  a temperature  varia- 
tion of  only  three-hundredths  per  cent. 

The  relative  resistance  and  temperature  variation  for 
each  degree  centigrade  of  the  common  metals  is  shown 
in  the  following  table  from  Matthiessen. 

RELATIVE  KESISTANCE  AND  TEMPERATUKE  VARIATION  OF 


METALS. 

Relative  Variation  of 
Metal.  Resistance.  Resistance. 

Silver  1.  0.377 

Copper  1.063  0.388 

Gold  1.369  0.365 

Zinc 3.741  0.365 

Platinum  6.022  0.428 

Iron 6.460  0.500 

Tin  8.784  0.365 

Lead  13.05  0.387 

German  silver  13.92  0.044 

Platino-silver 1 to  2 ......  16.21  0.031 

Antimony  23.60  0.389 

Mercury 62.73  0.072 

Bismuth  • 87.23  0.350 


The  most  reliable  and  uniform  rheostats  in  commer- 
cial use  are  those  in  which  german-silver  wire  is  the 
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resistance  material.  This  in  the  older  forms  was  coiled 
into  springs  from  one-quarter  of  an  inch  to  an  inch  in 
diameter  according  to  the  capacity  of  the  rheostat. 
These  coils  were  suspended  in  such  a manner  as  to  in- 
sure free  ventilation,  and  thus  secure  a large  dissipation 
of  electric  energy  without  endangering  the  wire  of  the 
rheostat  or  the  surrounding  objects.  If  the  coils  are 
vertically  suspended  and  the  upper  and  lower  encase- 
ments well  perforated,  a draught  of  air  is  established  by 
the  heating  of  the  coils  and  the  radiated  heat  is  rapidly 
carried  off. 

A fire-proof  rheostat  can  be  made  in  a very  easy  man- 
ner by  using  a common  school  slate  for  the  switch-board. 
The  slate  is  fire-proof  and  a very  good  non-conductor  of 
electricity.  The  coils  of  wire  are  stretched  upon  one 
side  of  the  slate  and  the  lever,  or  movable  arm,  is 
mounted  upon  the  other.  If  the  wire  is  not  too  small 
and  does  not  become  too  highly  heated,  tacks  may  be 
driven  in  the  wooden  frame,  and  the  coils  laced  from 
side  to  side  till  the  back  is  covered.  A distance  of 
half  an  inch  should  separate  the  coils,  so  that  they  can- 
not touch  laterally.  If  the  wire  is  so  small  that  it 
becomes  dangerously  heated,  the  wooden  frame  should 
be  removed  and  the  coils  fastened  to  the  slate  either  by 
staples  or  by  being  caught  in  notches  in  its  margin. 
The  lever  is  mounted  on  the  opposite  side  of  the  slate 
which  we  will  call  the  front.  It  is  pivoted  at  its  lower 
end,  and  the  contact  buttons,  which  may  be  screw- 
heads,  are  arranged  in  an  arc  near  the  upper  edge 
of  the  slate  in  such  a manner  that  the  lever  slides 
smoothlv  from  button  to  button.  The  first  button  to 
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the  left  should  be  blank  and  in  this  way  the  rheostat 
can  also  be  used  as  a cut-off  for  the  current.  Beginning 
with  the  second  button,  the  connections  are  made  upon 
the  back  of  the  slate  with  the  coils  by  means  of  short 
lengths  of  insulated  underwriters’  wire  in  such  a way 
that  the  proper  number  of  steps  is  obtained.  If  there 
are  eight  coils  on  the  slate  with  the  wire  ending  at  the 
top  and  six  contacts  give  the  necessary  steps,  the  first 
one  being  blank,  the  coils  may  he  fastened  to  the  contact 
buttons  themselves  provided  they  project  far  enough 
through  the  slate.  The  rheostat  can  then  be  fastened 
in  its  place.  Porcelain  shutter  knobs  are  an  excellent 
means  of  insulation,  and  a screw  through  each  corner  of 
the  slate  and  one  of  these  knobs  will  make  a fire-proof 
support,  as  the  slate  will  stand  away  from  the  wall  the 
thickness  of  the  knobs,  xk  rheostat  should  always  he 
placed  with  the  pivoted  end  of  the  lever  downward,  for, 
in  the  event  of  the  lever  becoming  loose,  it  would  not 
slide  upon  a live  contact  button,  as  would  surely  happen 
if  the  rheostat  were  placed  with  contact  buttons  at  the 
bottom.  The  two  wires  for  the  circuit  are  to  be  con- 
nected, one  to  the  pivotal  screw  of  the  lever  and  the 
other  to  the  last  button  itself. 

In  making  the  connections  on  the  hack  the  second 
button  (the  first  being  blank),  should  represent  one  end 
of  the  resistance  wire  and  the  last  button  should  repre- 
sent the  other  end,  while  the  intermediate  buttons  rep- 
resent equally  distant  tappings  of  the  resistance  wire. 
In  this  way  the  strength  of  current  is  increased  in 
equal  steps  as  the  lever  passes  from  button  to  button. 

The  calculating  of  what  resistance  would  be  proper 
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for  a given  purpose  can  best  be  shown  by  an  example. 
Let  us  suppose  that  it  is  desirable  to  make  a rheostat 
for  regulating  a one-eighth  horse-power  motor  on  the 
one  hundred  and  ten  volt  current.  Such  a motor 
requires  about  one  ampere  to  operate  it  at  full  speed. 
If  our  rheostat  is  to  reduce  the  speed  to  about  one- 
half,  with  intermediate  speeds,  an  equal  amount  of  re-* 
sistance  will  be  necessary.  The  motor  at  full  speed 
offers  ninety-three  ohms’  resistance,  and  our  rheostat 
must  have  about  the  same.  If  we  use  climax  resist- 
ance wire,  whose  resistance  is  forty-eight  times  that  of 
copper,  and  it  is  not  allowable  to  attain  a higher  heat  in 
the  rheostat  wire  than  three  hundred  degrees  Fahren- 
heit, thirty-gauge  wire  will  answer,  for  one  ampere  of 
current  will  raise  thirty  gauge  of  this  wire  to  that  tem- 
perature. It  now  remains  to  estimate  what  length  of 
thirty  gauge  will  give  about  one  hundred  and  ten  ohms’ 
resistance.  Thirty  gauge  of  climax  resistance  wire  at 
three  hundred  degrees  Fahrenheit  has  a resistance  of 
five  and  eight-tenths  ohms  per  foot.  Dividing  the  total 
resistance  by  the  resistance  per  foot,  gives  eighteen  and 
nine-tenths  feet  as  the  required  length  of  wire.  In 
like  manner  a german-silver  wire  rheostat  can  be  esti- 
mated ; for,  since  german  silver  has  one-third  the  resist- 
ance of  climax  resistance  wire,  the  same  length  of 
a thirty-five  gauge  wire,  which  has  about  one-third  the 
cross-section  of  a thirty-gauge  will  answer.  Or,  a wire 
of  the  same  size,  but  three  times  the  length  will  give  the 
same  resistance  as  climax  with  less  heat. 

Tn  the  manufacture  of  commercial  rheostats  the 
principal  objects  sought  by  all  makers  are,  first,  the  use 
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of  a resistance  material  which  will  withstand  a high 
temperature;  and,  second,  a means  of  rapid  dissipation 
of  heat,  for  it  is  by  these  means  that  economy  of  space 
and  material  is  secured.  One  of  the  most  popular  in- 
struments upon  the  market  is  the  Carpenter  enamel 
rheostat.  A sectional  view  of  one  of  these  is  shown 
in  Fig.  71. 


Fig.  71.— Sectional  View  op  Carpenter  Enamel 
Rheostat. 


This  appliance  is  probably  the  most  compact  and 
efficient  of  all.  It  is,  moreover,  fire-proof.  The  base 
is  of  cast-iron  with  legs  an  inch  or  more  in  length,  which 
hold  it  from  the  wall.  Upon  the  front  of  the  casting- 
are  outstanding  ribs,  the  function  of  which  is  to  cause 
rapid  radiation  of  the  heat.  Upon  the  back  are  two  or 
more  coats  of  porcelain  enamel.  A first  coat  is  applied 
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and  baked.  This  insulates  the  iron  from  the  wires, 
which  are  next  to  follow.  The  wires,  having  been  bent 
into  very  short  curves  and  annealed,  are  laid  upon  the 
first  enamel  coating  and  a second  coating  of  enamel  is 
then  applied  and  baked.  This  brings  the  wires  into- 
close  relation  with  the  iron  base,  and  yet  they  are  elec- 
trically insulated  therefrom  by  means  of  the  porcelain 
enamel.  This  insures  rapid  conduction  of  the  heat  to 
the  iron  whence  it  is  radiated.  While  considerable 
heat  is  radiated  from  the  porcelain  side  of  the  rheostat, 
much  more  is  dissipated  by  means  of  the  large  radiat- 
ing surface  offered  by  the  ribbed  front. 

While  the  enamel  is  closely  adherent  to  the  iron  the 
latter  is  slightly  concave  upon  the  side  to  which  the 
porcelain  is  applied,  which  further  insures  against  de- 
tachment during  heating  and  cooling. 

Another  rheostat  is  made  by  the  same  company  which 
in  some  respects  is  better  than  the  one  just  described. 
It  will  withstand  rougher  usage,  and,  except  its  being 
somewhat  thicker,  does  not  occupy  any  more  space  than 
the  enamel  rheostat.  A thick  plate  of  enameled  slate 
forms  the  front  of  the  instrument.  The  wires  are 
strung  upon  the  back  of  tlie  slate  in  fine  coils  and  are 
insulated  from  one  another  by  asbestos  paper.  A close 
fitting  iron  box  is  tightly  screwed  to  the  marble  front, 
which  is  then  completely  filled  with  fine  sand  and 
sealed.  The  sand  serves  to  conduct  the  heat  from  the 
wires  to  the  casing  whence  it  is  radiated.  The  wires 
are  in  close  contact  with  a conducting  medium  which 
bv  its  fine  state  of  division  allows  them  freedom  to 
expand  and  contract  during  heating  and  cooling. 

13 
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A rheostat  known  as  the  Ironclad  resembles  the 
enamel  rheostat  in  appearance  very  much.  This  is 
shown  in  Fig.  72. 


Fig.  72— Ironclad  Rheostat. 


The  resistance  is  in  the  form  of  a wire  which  is 
wound  on  a flat  piece  of  slate.  This  occupies  the  center 
of  an  iron  box,  the  rest  of  the  space  being  filled  with  a 
cement  which  is  a non-conductor  of  electricity.  The 
cement  holds  the  slate  in  its  position,  and  at  the  same 
time  conducts  the  heat  from  the  wire  to  the  case  whence 
it  is  radiated.  In  order  to  insure  rapid  radiation  of  the 
heat  both  the  front  and  the  hack  are  deeply  ribbed. 
This  rheostat  is  fire-proof  and  will  withstand  a very 
heavy  current  for  a few  minutes  without  damage,  at 
the  same  time  dissipating  as  much  energy  as  any  other 
of  the  same  proportions.  The  cement  filler  of  this 
rheostat  will  withstand  as  much  heat  as  it  would  be 
safe  to  put  upon  the  wires.  The  author  has  made 
rheostats  upon  the  same  principle,  using  a filler  com- 
posed of  Portland  cement  one  part,  and  marble-dust, 
three  pai'ts.  This  will  withstand  considerable  heat 
without  disintegration,  but  it  is  a slight  conductor  of 
electricitv.  This  does  not  affect  the  working  of  the 
appliance  provided  the  binding  posts  and  lever  are  insu- 
lated from  the  iron  casing. 
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The  objection  to  this  form  of  rheostat  is  that  the 
hygroscopic  nature  of  cement  or  sand  invites  moisture 
which  may  in  the  course  of  time  provide  the  conditions 
for  electrolytic  action,  and  thereby  destroy  the  resist- 
ance wires. 

The  Universal  Enamel  rheostat  is  made  up  of  a large 
number  of  steel  discs  which  contain  resistance  wire  im- 
bedded in  enamel.  The  frame  of  the  rheostat  is  a round 
iron  plate  as  shown  in  Figs.  73  and  74. 


Fig.  73.— Front  View  of  Universal  Enamel  Rheostat. 


It  is  ribbed  in  front  for  the  purpose  of  more  rapidly 
radiating  the  heat.  Each  disc  has  a hole  in  its  center 
through  which  a flat-headed  bolt  passes.  The  head  of 
the  bolt  is  caught  upon  the  front  of  the  iron  plate.  The 
disc  is  slipped  upon  the  bolt  from  behind,  and  a nut 
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binds  the  unit  in  place.  The  bolt  heads  are  insulated 
from  the  bed-plate,  and  when  all  are  made  tight  they  are 
dressed  off  to  an  even  height  so  as  to  serve  as  contact 
buttons  upon  which  the  lever  will  play. 


Fig.  74.— Back  View  of  Universal  Enamel  Rheostat. 

Each  of  the  discs  forms  a unit  of  resistance,  and  thus 
it  is  an  easy  matter  to  connect  them  in  series  or  parallel 
for  different  requirements.  It  also  allows  of  the  quick 
replacement  of  a new  one  for  one  that  may  be  burnt 
out,  without  taking  the  entire  rheostat  apart. 

The  Wirt  rheostat  as  shown  in  Eig.  75,  somewhat 
resembles  the  one  just  described,  but  is  quite  different 
in  its  details.  It  employs  a bed-plate  of  iron  which, 
like  the  others,  is  ribbed  for  the  rapid  radiation  of  heat. 
The  resistance  is  in  the  form  of  a continuous  ribbon, 
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without  break  or  joint,  wound  into  fifty  or  more  coils 
which  constitute  the  steps  of  the  rheostat.  The  suc- 
cessive layers  of  ribbon  are  insulated  from  one  another 
by  a layer  of  mica  and  the  whole  pressed  in  close  contact 
with  the  bed-plate. 

This  rheostat,  like  the  Ironclad  and  the  sand  rheostat 
will  withstand  a heavier  current  for  a short  time  than 

can  he  safely  used  in  an 
enamel  rheostat,  for  the 
reason  that  the  conduc- 
tors have  latitude  for  the 
sudden  expansion.  This 
is  a feature  which  cannot 
be  provided  for  where  the 
wires  are  imbedded  in 
enamel.  A sudden  rush 
of  current  in  an  enamel 
rheostat  will  cause  the  wires  to  expand  before  the  invest- 
ing enamel  and  iron  base  have  become  heated.  This 
sooner  or  later  causes  the  enamel  to  scale  off.  The  best 
enamel  rheostats,  however,  have  the  wire  bent  in  a con- 
tinuous curve  from  beginning  to  end.  In  this  way  the 
expansion  takes  place  in  a very  short  arc  of  a circle,  and 
in  so  doing,  the  movement  of  the  wire  is  so  little  that 
the  enamel  will  withstand  it  without  flaking  off. 

A sixth  form  of  rheostat  is  the  carbon.  While  carbon 
is  a conductor  of  electricity,  it  may  not  be  called  a good 
one,  and  if  fine  enough  offers  considerable  resistance  to 
the  electric  current.  The  high  resistance  and  high  fus- 
ing point,  of  carbon  make  it  the  best  filament  for  incan- 
descent lamps.  The  resistance  of  carbon  may  be  varied 


Fig.  75.— The  Wirt  Rheostat. 
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in  two  ways ; one  by  varying  the  cross-section  of  the  rod 
or  filament,  and  the  other  by  incorporating  a non-con- 
ductor in  the  mixture  during  the  time  of  its  manufac- 
ture. A rod  of  very  high  resistance  can  lie  made  by 
mixing  pulverized  fire-clay  with  the  carbon.  When 
this  is  glued  together  by  the  use  of  a little  molasses  and 
baked,  the  rod  will  withstand  a very  high  heat  and  can 
be  made  to  furnish  considerable  resistance  in  a small 
space. 

A carbon  rheostat  differs  from  a wire  rheostat  in 
one  particular  which  for  general /purposes  is  not  objec- 
tionable and  for  some  purposes  is  a decided  advantage. 
Carbon,  unlike  metallic  conductors,  decreases  its  re- 
sistance as  it  becomes  heated;  so  that  in  the  operation 
of  appliances  and  processes  which  call  for  a gradual 
increase  of  current,  the  carbon  rheostat  automatically 
decreases  its  resistance  to  a small  extent  between  each 
move  of  the  rheostat  lever. 

In  the  manufacture  of  a carbon  rheostat  the  rods 
should  be  large  enough  to  withstand  the  usage  put  upon 
them.  It  is  therefore  customary  to  make  up  the  rod  very 
largely  of  the  inert  matrix,  so  that  one  of  large  cross- 
section  will  also  possess  considerable  resistance. 

A carbon  rheostat  which  embodies  the  above  princi- 
ples, is  upon  the  market  under  the  name  of  the  Raster. 
The  resistance  is  obtained  by  using;  a mixture  of  car- 
bon  and  a high-fusing  non-conductor.  This  is  molded 
into  oblong  rods  from  six  to  ten  inches  in  length  and 
baked.  The  rods  are  then  laid  side  by  side,  but  sepa- 
rated from  one  another  bv  a small  block  of  the  same 
material  at  one  end,  and  a block  of  plate  glass  of  like 
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dimensions  at  the  other.  The  blocks  of  carbon  and 
glass  alternate  at  both  ends  in  sncli  a way  that  the  cur- 
rent finds  a path  from  rod  to  rod  through  the  carbon 
blocks,  the  path  being  a continuous  one  throughout  the 
full  lengths  of  the  rods.  The  glass  blocks  serve  to  in- 
sulate neighboring  rods  at  one  end  and  at  the  same 
time  keep  the  rods  in  regular  order.  The  whole  is  then 
firmly  clamped  as  one  unit  in  an  insulated  iron  frame 


Fig.  76.— Carbon  Rheostat. 


and  encased  in  a ventilated  box  or  switchboard.  Con- 
nections are  made  to  the  rods  at  desirable  intervals  for 
the  several  steps  which  are  represented  by  the  buttons 
on  the  front  of  the  board. 

Another  form  of  carbon  rheostat  is  in  use  where  a 
simple  one  with  a means  of  very  gradual  increase  of 
current  is  desirable.  This  consists  of  a vessel  or  tube 
which  is  a non-conductor  of  electricity  such  as  rubber, 
or  porcelain  filled  with  pulverized  carbon.  The  vessel  is 
closed  at.  both  ends  with  metallic  plates,  one  of  which  is 
movable.  The  tube  or  vessel  is  filled  with  pulverized 
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carbon,  and  the  movable  plate  is  made  to  bear  upon  the 
carbon  by  means  of  a screw.  The  carbon,  being  in  a fine 
state  of  division,  is  not  a good  conductor  because  of  the 
light  contact  between  the  particles.  If  pressure  is 
brought  to  bear  upon  the  mass,  the  contact  between  the 
particles  increases,  and  its  conductive  property  is  like- 


Fig.  77.— Carbon  Rheostat  in  Case  for  Therapeutic  Purposes. 


wise  affected.  By  this  means  an  increase  of  current  can 
be  obtained  which  is  perfectly  smooth.  It  does  not  in- 
crease by  steps  but  gradually  as  the  screw  presses  the 
end  plate  upon  the  carbon. 

Another  method  of  using  pulverized  carbon  is  to 
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enclose  it  in  a flexible  rubber  bulb  or  tube  having  me- 
tallic contact  plates  at  either  end  to  -which  the  conductors 
are  attached.  If  the  ball  is  placed  in  a clamp  in  such 
a manner  that  the  plates  can  be  pressed  toward  one  an- 
other, the  increase  of  pressure  upon  the  carbon  and  at 
the  same  time  the  increase  in  its  flat  diameter  decreases 
the  electrical  resistance  between  the  plates.  Such  a 
rheostat  is  shown  in  Fig.  76. 

The  carbon  rheostat  just  described  is  very  simple,  and 


Fig.  78. — Graphite  Rheostat. 


when  mounted  in  a case  for  therapeutic  purpose's  makes 
one  of  the  most  compact  appliances  upon  the  market. 
Such  a one  is  shown  in  Fig.  77. 

Still  another  form  of  carbon  resistance  is  in  practical 
use.  This  is  applicable  where  very  high  resistance  is 
desirable,  as  for  cataphoric  operations  and  the  like. 
The  rheostat  consists  of  a plate  of  ground  glass  or  slate 
upon  which  a thin  coat  of  graphite  (a  form  of  carbon) 
has  been  applied.  The  graphite  is  in  the  form  of  a cir- 
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cular  path  upon  which  a light  bearing  metal  brush  plays 
as  it  is  turned  around  its  pivotal  point.  The  graphite 
path  is  not  quite  a complete  circle.  One  end  of  it 
terminates  upon  a metallic  plate  to  which  connection  is 
made,  and  as  the  brush  sweeps  around  the  path,  the 
resistance  increases  until  the  other  end  is  reached,  when 
the  full  resistance  of  the  graphite  is  operative.  This 
form  of  carbon  rheostat  is  shown  in  Fig.  78. 

Graphite  is  also  used  in  the  form  of  a paste  for  re- 
sistance. The  Willms  current  controller  as  shown  in 
Fig.  79  is  constructed  upon  this  principle.  A paste  of 


Fig.  79.— Willms  Current  Controller. 


graphite  is  forced  into  a circular  groove  in  the  plate  of 
the  instrument.  Metallic  pins  extend  through  the  plate 
from  above  into  the  graphite  composition  underneath. 
The  resistance  path  is  circular  in  form  and  the  lever  be- 
ing pivoted  in  the  center  can  sweep  the  whole  length  of 
the  resistance  in  one  revolution.  In  order  to  insure 
smooth  and  certain  contact  the  traveling  contact  is 
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large  enough  to  cover  three  or  four  of  the  pins  at  one 
time. 

The  very  high  resistance  and  the  accuracy  of  its 
gradations  make  the  Willms  appliance  of  special  value 
for  testing  and  for  cataphoric  work. 

The  last  form  of  rheostat  to  receive  notice  is  the 
water  rheostat.  It  is  not  generally  known  that  water 
in  its  purest  state  is  a non-conductor  of  electricity.  It 
soon,  however,  becomes  a conductor  by  the  absorption  of 
gases  and  impurities,  but  is  still  to  be  classed  as  a poor 
conductor  for  which  reason  it  may  be  used  as  a resist- 
ance for  rheostat  purposes.  The  convenience  and  sim- 
plicity of  the  appliance  and  the  many  "ways  of  modify- 
ing its  resistance  make  the  water  rheostat  one  of  the 
most  useful  forms,  especially  for  experimental  pur- 
poses. If  two  carbon  or  metallic  plates  to  which  elec- 
trical connections  are  made  be  suspended  in  a vessel  of 
wrater  and  are  put  in  contact  with  one  another,  an 
electric  motor  or  suitable  instrument  which  is  in  series 
with  the  electrodes  will  operate  at  its  fullest  capacity. 
If  now  the  plates  can  be  separated  but  still  suspended 
in  the  water,  it  will  be  noticed  that  the  motor  decreases 
its  speed  proportionately  to  the  distance  between  the 
electrodes.  Or,  the  plates  having  been  fixed  at  a short 
distance  from  one  another,  if  dipped  in  the  water  will 
start  the  motor,  and  the  speed  will  increase  as  the  plates 
sink  deeper.  In  water  therefore,  we  have  not  only  a 
resistance  by  which  to  vary  the  strength  of  current,  but 
we  have  two  ways  of  doing  so;  one  by  varying  the  dis- 
tance between  the  electrodes  and  the  other  by  varying 
the  depth  of  immersion.  Moreover,  a suitable  arrange- 
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nient  of  the  plates  may  be  made  whereby  they  are  moved 
together  as  they  sink  in  the  water. 

Figure  80  illustrates  a convenient  form  of  water 
rheostat.  The  plates  are  fixed  on  either  side  of  a block 
of  wood  and  the  Avhole  suspended  over  the  vessel.  If 
the  plates  be  counterbalanced  by  a cord  running  over 
pulleys  to  a weight,  they  can  be  easily  lowered  to 
any  depth  where  they  will  remain.  Fig.  81  shows  a 
water  rheostat  of  the  other  form  in  which  the  plates 


Fig.  80.  Fig.  81.  Fig.  82. 

are  suspended  upon  a glass  rod  upon  which  they  are 
easily  movable  to  and  from  one  another.  Fig.  82  rep- 
resents probably  the  most  convenient  arrangement  for 
securing  a variable  resistance.  A metal  vessel  contains 
the  water  and  also  forms  one  terminal.  A plate  of 
metal  is  suspended  over  the  center  with  a means  for  dip- 
ping in  the  water.  One  terminal  is  attached  to  the 
vessel  itself  and  the  other  to  the  movable  plate.  Upon 
lowering  the  plate  the  circuit  is  established  when  it 
reaches  the  water.  As  it  sinks  deeper  into  the  water  the 
resistance  decreases  until  the  plate  touches  the  bottom 
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when  the  entire  resistance  is  cut  out.  By  this  arrange- 
ment  there  is  a gradual  increase  of  current  from  the 
time  the  plate  touches  the  water  till  it  reaches  the  hot- 
tom  of  the  vessel.  In  Fig.  80  there  would  be  a sudden 
increase  of  current  if  the  vessel  were  of  metal  and  both 
plates  were  to  touch  the  bottom  at  once. 


Fig.  83. — Water  Rheostat. 


The  water  rheostat  is  such  a simple  device  that  it 
can  be  constructed  in  a short  time  and  with  materials 
almost  always  at  hand.  For  this  reason  there  are  but 
few  water  rheostats  to  be  found  upon  the  market.  Fig. 
83.  however,  represents  one  which  is  designed  princi- 
pally for  physicians,  and  may  be  used  wherever  the 
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strength  of  current  is  to  be  varied  without  steps.  Two 
V-shaped  metallic  plates  to  which  the  connections  are 
made  are  pivoted  at  their  upper  border  in  such  a man- 
ner that  by  turning  a screw  the  pointed  end  of  each 
plate  dips  down  into  the  water  contained  in  the  vessel. 
When  the  points  first  touch  the  water  the  circuit  is 
closed,  but  the  .resistance  of  the  very  small  contact  and 
the  distance  between  the  points  at  this  time  is  so  great 
that  a very  feeble  current  flows.  As  the  knob  is  turned, 
the  plates  sink  deeper  in  the  water  thereby  exposing  a 
larger  surface.  At  the  same  time  they  approach  one 
another  which  also  reduces  the  resistance.  The  plates 
may  finally  be  brought  into  contact  with  one  another 
which  cuts  out  all  the  resistance.  This  appliance  re- 
duces the  resistance  in  two  ways : one  by  bringing  the 
electrodes  towards  one  another,  and  the  other  by  increas- 
ing the  surface  of  the  electrodes  within  the  water. 

A water  rheostat  possesses  a property  not  met  with 
in  others.  It  can  in  a moment’s  time  be  arranged  to 
give  a large  quantity  at  low  voltage  or  a small  quantity 
at  high  voltage.  The  resistance  is  varied  in  three  ways  : 
first  by  increasing  the  plate  surface  in  the  water  as 
shown  in  Fig.  80;  second,  by  varying  the  distance  be- 
tween the  plates  as  shown  in  Fig.  81 ; and  third,  by 
acidulating  the  water.  When  the  plate  surface  is  in- 
creased it  is  the  same  as  enlarging  the  ci’oss-section  of  a 
metal  conductor.  The  resistance  of  wire  increases  as 
its  cross-section  decreases.  The^ deeper  the  plates  are 
immersed  in  the  fluid  the  greater  is  the  surface  they 
present,  so  that  the  resistance  decreases  with  the  depth 
of  the  immersion,  and  the  operator  has  only  to  lower  or 
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raise  tlie  plates  to  increase  or  decrease  the  volume  of 
current. 

By  the  second  method,  varying  the  distance  between 
the  two  plates,  the  same  thing  is  produced  as  lengthen- 
ing or  shortening  a wire  which  conducts  electricity. 
The  resistance  is  greatest  when  the  plates  are  far  apart 
and  decreases  as  they  approach.  By  this  arrangement 
the  operator  manipulates  the  volts  more  than  the  am- 
peres, or  in  other  words,  the  pressure  more  than  the 
quantity.  • For  this  reason,  a water  rheostat  whose 
plates  are  movable  to  and  from  one  another  is  better 
fitted  for  using  a low-volt  instrument  on  a high-pressure 
current. 

The  water  rheostat,  unlike  most  others,  is  capable  of 
very  fine  adjustment,  since  the  current  is  increased  by 
lowering  the  plates  in  the  water  or  by  bringing  them 
together.  If  this  he  done  by  a screw  as  shown  in  Fig. 
83,  it  will  give  even  closer  gradations  for  eataplioresis 
than  can  he  obtained  by  more  expensive  appliances  for 
this  purpose. 

The  third  means  of  varying  the  current  is  by  acidu- 
lating the  water.  Water  is  a poor  conductor  of  elec- 
tricity when  compared  with  the  metals,  but  by  adding 
an  acid  or  a salt  to  it,  it  becomes  a good  conductor.  An 
addition  of  nine  per  cent,  of  sulphuric  acid  increases  the 
conductivity  of  the  fluid  about  twenty-five  per  cent. 
It  is  not  practical,  however,  to  increase  the  acidity  as 
a means  of  regulating,  hut  by  using  the  acid  a rheostat 
of  large  capacity  can  he  made  from  one  of  small  ca- 
pacity. To  give  the  reader  an  approximate  idea  of  the 
requirements  for  a water  rheostat  for  various  purposes, 
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a vessel  holding  a pint  of  water  will  be  large  enough  to 
regulate  a dental  motor,  mouth  lamp,  mallet,  or  gold- 
annealer.  And  one  of  a gallon  capacity  will  he  suffi- 
cient for  regulating  an  electric  oven,  for  fusing  plati- 
num, or  for  the  cautery. 

While  sulphuric  acid  is  recommended  for  modifying 
the  conductivity  of  water,  other  agents  may  also  be  used 
for  that  purpose.  An  inspection  of  the  following  table 
will  show  the  relative  conductivity  of  various  solutions. 

Specific 

Name  of  Solution.  Resistance. 

Sulphuric  acid  concentrated 5.32 

Sulphuric  acid  with  two  volumes  of  water.  . . . .81 

Nitric  acid  specific  gravity,  1.36 1.-15 

Common  salt  concentrated 5.93 

Common  salt  with  two  volumes  of  water.  . . . 9.2-1 

Zinc  sulphate  concentrated 2S.00 

Zinc  sulphate,  with  two  volumes  of  water.  . . . 29.75 

Copper  sulphate  concentrated 29.82 

Copper  sulphate  with  two  volumes  of  water.  . 62.00 

Distilled  water  932.00 

Another  advantage  of  the  water  rheostat  over  all 
other  forms  is  that  it  is  fire-proof.  There  is  no  spark 
upon  breaking  the  current  and  there  are  no  contact 
buttons  to  corrode.  The  contact  between  metal  and 
water  is  always  good.  The  instrument  can  be  easily 
made,  is  inexpensive,  and  requires  no  attention,  except 
an  occasional  addition  of  a little  water.  If  a stratum 
of  oil  covers  the  water,  there  will  be  little  loss  except 
that  which  results  from  electrolysis. 
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When  a rheostat  is  used  in  series  with  an  instrument 
as  illustrated  in  Fig.  70,  it  is  never  possible  to  start 
at  a point  at  which  the  pressure  is  absolutely  zero. 
Moreover  there  will  always  he  a spark  upon  breaking 
the  current  unless  the  resistance  is  very  high.  For 
some  purposes,  as  for  instance  in  cataphoric  work  and 
for  the  use  of  the  cautery  upon  high-pressure  currents, 
it  is  necessary  to  start  at  a zero  point,  and  also  to  he 
able  to  break  the  current  without  a destructive  spark. 
These  two  requirements  are  met  by  the  use  of  what  is 
known  as  a shunt  rheostat.  It  has  also,  and  not  im- 
properly, been  called  a “fractional  volt  selector.”  The 
word  “shunt”  is  used  in  some  countries  in  railroading 
just  as  “switch”  is  used  in  this  country,  meaning  to  turn 
off  to  a side  track,  and  that  is  practically  what  is  meant 
by  the  term  in  electricity.  A current  is  a shunt  cur- 
rent when  it  is  parallel  with  another,  and  the  method 
of  regulating  the  strength  of  the  shunt  current  is  by 
placing  a variable  resistance  in  the  main  circuit  which, 
when  properly  connected  is  then  called  a “shunt  rheo- 
stat.” It  may  be  compared  to  a dam  which  is  built 
across  a stream  of  water  for  the  purpose  of  operating  a 
mill.  The  dam  represents  a resistance  which  has  been 
placed  in  the  circuit,  the  flume  represents  the  shunt 
circuit,  and  the  mill  represents  the  electrical  instrument 
under  operation.  The  higher  the  dam  is  raised  the 
more  water  will  flow  through  the  flume.  And  so  it  is 
with  the  electric  current.  The  higher  the  resistance, 
the  greater  the  amount  of  current  shunted  through  the 
instrument. 

The  shunt  rheostat  is  diagrammatically  illustrated  in 

14 
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Fig.  84,  and  upon  inspection  it  will  be  seen  that  it  is  an 
appliance  which  provides  a main  resistance,  and  a 
means  of  switching  a part  of; the  current  through  a 
second  path  which  is  parallel  to  a part  of  the  main  re- 
sistance. L and  L are  two  lamps  which  offer  the 
main  resistance  and  in  series  with  them  is  a rod,  R, 
of  poor-conducting  carbon,  which  also  offers  consider- 


Fig.  SI.— Shunt  Rheostat. 

able  resistance.  It  is  desired  to  heat  the  fine  platinum 
wire  0,  which  represents  the  platinum  loop  of  a root- 
drier,  with  a current  that  can  be  started  at,  zero  and 
gradually  increased.  To  do  this  one  terminal  of  the 
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root-drier  is  attached  to  the  main  at  A and  the  other 
terminal  to  a movable  contact  spring  D.  When  i)  is 
at  A no  current  will  How  through  C because  there  is  no 
resistance  between  A and  i).  If  now  the  contact  D be 
moved  towards  B,  resistance  will  he  placed  between 
A and  D proportionate  to  their  distance  apart,  and  the 
current  finding  a second  path  through  C,  the  switch 
S being  closed,  will  divide  itself  and  a part  will  flow 
through  C.  The  division  of  the  current  in  the  case  of 
two  parallel  circuits  is  always  inversely  proportionate 
to  the  resistance  of  the  two  paths.  The  resistance  of 
the  platinum  wire  remaining  the  same,  more  current 
will  flow  through  it  as  D is  moved  toward  B.  If  the 
resistance  through  the  platinum  loop  and  its  conductors 
is  equal  to  that  of  the  carbon  rod  between  A and  D,  then 
an  equal  amount  of  current  will  flow  through  each 
path.  If,  however,  D be  pushed  towards  B till  the 
resistance  between  A and  I)  is  twice  that,  of  the  plati- 
num and  its  conductors,  then  the  current  will  divide 
itself  into  thirds,  one-third  of  which  will  flow  through 
the  carbon  rod  and  the  other  two-thirds  through  the 
platinum  loop. 

While  the  shunt  rheostat  provides  a method  of  in- 
creasing current  from  a zero  point,  it  also  possesses 
another  feature  which  is  of  importance  where  a heavy 
current  is  used  in  an  instrument  which  contains  a 
switch.  It  would  be  impossible  to  use  a cautery  upon 
the  one  hundred  and  ten  volt  current,  if  it  contained  a 
switch  in  the  handle,  and  the  cautery  circuit  were  not  a 
shunt  circuit,  because  of  the  tremendous  spark  that 
would  exhibit  itself  at  the  switch  when  the  circuit  is 


212 


DENTAL  ELECTRICITY 


opened.  When,  however,  the  cautery  circuit  is  made  a 
shunt  circuit  to  the  main,  as  illustrated  in  Figs.  84 
and  85,  the  switch  S may  be  opened  with  scarcely  any 
spark  whatever.  This  is  accounted  for  in  this  way: 
Upon  opening  the  switch  S,  while  it  stops  the  flow  of 
current  through  C,  it  does  not  open  the  main  circuit  and 
the  current  which  was  flowing  through  C prefers  rather 
to  flow  through  the  carbon  rod  than  jump  across  the 
break  at  the  switch.  For  this  reason  there  is  but  a small 
spark,  if  any,  at  the  switch  on  the  shunt  circuit. 


The  shunt  rheostat  is  not  only  valuable,  therefore, 
because  it  provides  for  an  increase  of  current  starting 
from  zero,  and  because  of  the  small  spark  upon  break- 
ing the  shunt  circuit,  but  it  possesses  another  property 
which,  while  it  is  not  noticeable  in  most  of  the  appli- 
cations of  a shunt  current,  is  of  the  greatest  importance 
in  cataphoric  operations.  The  shunt  current  appears 
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to  be  much  smoother  than  a series  current  so  that  it  is 
not  as  painful.  It  moreover  seems  that  the  greater 
the  number  of  shunts  that  are  in  parallel  with  the 
cataphoric  circuit,  the  less  will  be  the  undulations  or 
unevenness  of  the  cataphoric  circuit,  and  the  pain  will 
on  that  account  he  loss.  In  practice  a stronger  shunt 
current  can  be  used  than  one  which  is  in  series  with  the 
resistance. 

Any  series  rheostat  can  be  converted  into  a shunt 
rheostat  by  making  one  connection  to  the  lever  and  the 
other  to  the  last  button  of  the  rheostat  as  illustrated  in 
Fig.  85.  In  this  case  the  lever  is  moved  towards  the 
left  instead  of  to  the  right  to  increase  the  current  in 
the  instrument  under  operation.  As  it  passes  from 
button  to  button  it  cuts  in  more  resistance  and  there- 
fore shunts  more  current  around  through  the  other 
circuit.  The  shunt  rheostat  must  always  be  employed 
in  series  with  another  or  main  resistance,  and  for  that 
reason  is  a wasteful  method  of  using  current ; but  for- 
tunately the  dental  applications  which  call  for  a shunt 
current  of  heavy  amperage  are  limited  to  the  cautery 
and  root-drier,  two  instruments  which  do  not  come  into 
dailv  use. 


CHAPTER  VI. 


Power. 

The  electric  motor  is  said  to  have  been  discovered  at 
the  installation  of  the  Vienna  Exposition  in  1872,  when 
by  accident  the  mains  from  a dynamo  on  exhibition 
happened  to  become  connected  to  another  dynamo  near 
by.  It  v7as  noticed  that  when  the  first  dynamo  was 
put  into  operation,  the  second  also  began  running. 
Nevertheless  it  is  a well-known  fact  that  a dynamo  will 
act  as  a motor,  and  vice  versa,  and  but  little  change  is 
necessary  to  make  one  most  efficient  as  either  a dynamo 
or  motor.  The  two  are  so  nearly  alike  that  the  descrip- 
tion of  the  dynamo  in  Chapter  V.  will  answer  also  for 
the  general  details  of  the  motor. 

The  dynamo  is  rated  in  kilowatts,  while  the  motor  is 
rated  in  horse-power,  for  the  reason  that  the  dynamo 
generates  electricity  whose  output  is  estimated  electric- 
ally by  the  term  watt,  while  the  motor  converts  elec- 
tricity into  power,  and  for  that  reason  its  output  is 
reckoned  in  horse-power. 

The  motor  to  all  external  appearances  resembles  the 
dynamo  and  consists  of  a field,  armature,  commutator 
and  brushes,  if  a constant-current  machine.  If  it  is 
to  he  operated  by  an  alternating  current,  then,  like 
the  alternator,  the  brushes  are  wanting.  The  winding 
of  the  motor  is  also  similar  to  that  of  the  dynamo.  It 
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may  be  series  wound,  shunt  wound,  or  compound 
wound. 

The  field  of  the  first  small  motors  was  of  the  horse- 
shoe type.  There  was  no  attempt  at  enclosing  the 
armature  as  was  later  done  for  the  purpose  of  produc- 
ing a stronger  field,  and  at  the  same  time  making  the 
appliance  dust-proof.  This  part  of  the  motor  was  for- 
merly made  of  the  softest  cast  iron,  but,  owing  to  the 
great  changes  in  the  designs,  many  manufacturers  are 
now  making  the  field  of  laminated  iron.  This  has  the 
advantage  over  cast  iron  of  being  more  highly  magnetic, 
and  of  not  becoming  heated. 

All  the  smaller  motors  are  of  the  two-pole  variety; 
in  fact,  only  the  very  largest  motors  have  four  or  six 
poles.  ' In  this  respect  dynamos  and  motors  differ.  All 
the  motors  with  which  the  dentist  has  to  do  have  but 
two  poles.  Tbe  motor  may  be  entirely  encased  as  with 
those  used  for  driving  lathes,  and  they  may  have  the 
appearance  of  having  four  poles,  but  upon  examination 
they  will  be  found  to  have  but  two. 

The  armature  is  precisely  the  same  as  that  employed 
in  the  dynamo.  It  may  be  a ring  or  Gramme  type,  or  it 
may  be  a drum  or  Siemens.  While,  in  the  course  of  the 
improvement  which  motors  have  seen  since  they  were 
first  introduced,  the  field  has  been  considerably  modi- 
fied, the  armature  has  not  been  changed  in  the  least, 
and  it  remains  to-day  the  same  as  at  first;  it  is  either 
a plain  Gramme  or  a Siemens  armature.  In  the  larger 
motors  the  gramme  armature  is  employed,  and  in  the 
smaller  the  Siemens.  The  same  principles  of  construc- 
tion are  carried  out  that  are  employed  in  the  manufac- 
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ture  of  armatures  for  dynamos.  The  most  popular 
form  at  present  is  the  drum  type,  because  of  its  sim- 
plicity of  construction,  compact  bulk,  and  the  conse- 
quent small  proportions  of  the  whole  appliance. 

The  commutator  and  brushes  are  used  on  direct- 
current  motors,  and  are  also  the  same  as  those  of  a con- 
tinuous-current dynamo. 

One  of  the  first  applications  of  commercial  electricity 
in  dental  practice,  was  the  use  of  the  electric  motor. 
This  had  been  scarcely  perfected  before  dentists  recog- 
nized its  value  in  their  work.  It  was  soon  established  in 
both  the  operating  room  and  the  laboratory,  and  to-day 
there  is  scarcely  a well-regulated  office  in  which  elec- 
tricity is  available,  that  does  not  make  use  of  one  or  more 
electric  motors. 

]STo  single  appliance  has  done  so  much  to  elevate  the 
tone  of  the  dental  office  as  the  introduction  of  the  elec- 
tric motor  and  engine.  It  has  transformed  a perform- 
ance which  reminds  one  of  the  scissors  grinder,  and  one 
which  was  chiefly  a physical  operation,  into  one  which 
partakes  more  of  a digital  and  mental  operation.  The 
dentist  has  no  longer  to  treadle  a wheel  that  an  engine 
bur  may  revolve,  but,  by  the  mere  touching  of  a button, 
the  bur  is  set  in  motion  and  the  attention  of  the  operator, 
instead  of  being  divided  between  treadling  a wheel  and 
the  management  of  the  instrument  in  the  tooth,  may 
now  be  concentrated  upon  the  latter.  The  body  of  the 
dentist  may  then  be  perfectly  quiet,  and  the  bur  con- 
trolled with  a steadiness  and  sensitiveness  of  touch  that 
is  not  dulled  by  body  vibration.  In  the  course  of  time 
the  management  of  the  electric  engine  and  switch-board 
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becomes  automatic  and  the  dentist  controls  these  without 
going  through  the  mental  routine. 


The  first  electric  engines  made  their  appearance  in 
1885.  The  Griscom  was  attached  to  one  end  of  the 
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White  flexible  arm  and  was  suspended  over  the  operat- 
ing table.  The  Detroit  motor  was  a separate  fixture. 
Prom  these  a few  years  later,  was  evolved  the  Kells 
system  of  motor  and  engine.  While  new  improvements 
were  made  at  a very  rapid  rate,  they  were  principally 
in  the  minor  details.  The  general  features  of  the  very 
first  engines  and  systems  are  still  adhered  to. 

The  dental  engines  of  to-day  may  he  classified  into 
three  groups.  Those  in  which  the  motor  is  attached 
directly  to  the  arm-piece,  those  in  which  the  motor  is  at- 
tached to  the  base  of  the  engine,  and  those  in  which 
the  motor  is  placed  at  some  distance  from  the  engine 
arm  and  power  is  transmitted  thereto  by  a long  belt. 
The  first  class  Avas  represented  by  the  Griscom,  the  sec- 
ond by  the  Detroit,  and  the  third  by  the  Kells. 

The  first  class  is  found  on  the  market  to-day  under 
the  name  of  the  Columbia  engine,  which  is  illustrated  in 
Fig.  86.  The  motor  part  of  this  engine  is  about  one- 
tAvelfth  horse-poAver.  The  field  is  spherical  in  shape, 
and  is  encased  in  a metal  cover  AAdiich  makes  it  noise 
and  dust-proof.  One  end  of  the  armature  shaft  is  at- 
tached to  a flexible  arm.  In  making  this  attachment 
an  insulating  material  is  inserted  betAveen  the  motor 
and  flexible,  arm,  the  purpose  of  Avhich  is  to  protect 
the  patient  in  case  of  accidental  grounding  of  the  wir- 
ing  of  either  the  field  or  armature.  If  grounding  were 
to  occur  and  the  patient  were  to  touch  the  iron  work 
of  the  chair  to  Avhich  a fountain  cuspidor  is  attached, 
he  would  receive  a severe  shock.  While  it  is  not  in- 
tended that  the  Avire  of  the  motor  should  touch  any 
metal  part,  this  sometimes  accidentally  occurs  in  the 
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best  of  motors,  and  the  nse  of  tire  insulating  coupling' 
prevents  what  would  not  be  fatal,  hut  a very  unpleas- 
ant occurrence. 


B 


Fig.  87.— Columbia  Engine  and  Support. 


The  motor  is  balanced  in  a swivel-like  yoke,  with 
which  it  is  suspended.  In  using  it  the  dentist  has  only 
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to  sustain  the  weight  of  its  flexible  arm.  The  electrical 
wires  which  conduct  the  current  to  and  from  the  motor 
serve  to  suspend  the  motor  at  a convenient  height  from 
the  chair.  These  wires  are  hound  into  a single  cord, 
which  passes  up  to  the  ceiling,  thence  over  a pulley  to 
the  wall,  and  then  down  over  a second  pulley  where  a 
weight  equal  to  that  of  the  motor  is  attached  as  diagram- 
matical! v shown  in  Fig.  87. 


Fig.  88.— Whejslek  Dental.  Engine. 


This  arrangement  permits  of  ample  and  free  move- 
ment of  the  motor  in  all  directions. 

The  foot  switch  is  unique  in  its  construction.  It  is 
wired  so  as  to  operate  the  motor  in  either  direction  by 
pushing  the  lever  to  one  side  or  the  other.  It  also  gives 
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several  speeds  to  the  motor.  A feature  of  special  impor- 
tance is  the  absence  of  a destructive  spark  when  opening 
the  circuit.  Many  rheostats  become  more  or  less  of  a nui- 
sance by  the  effect  of  the  spark  upon  the  first  button. 
The  destructive  action  causes  a condition  of  the  contact 
and  lever  that  makes  its  manipulation  uneven  and  un- 


Fxg.  80. — The  “Sphere”  Electric  Cable  Engine. 

certain.  The  makers  of  this  switch  have  overcome  this 
trouble  by  the  introduction  of  a very  high  resistance 
at  the  last  step,  which  cuts  down  the  spark  to  such  an 
extent  as  to  make  it  negligible. 

The  Wheeler  Dental  Engine,  as  shown  in  Fig.  88,  is 
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one  of  tlie  same  class  as  the  foregoing.  It  differs  from 
it,  however,  in  that  it  is  intended  to  he  placed  on  a 
bracket  near  the  chair  and  has  not  the  range  of  position. 
It,  however,  possesses  an  unique  feature  in  the  method 
of  speed  regulation.  One  end  of  the  armature  shaft 
has  a true  disc  mounted  thereon.  A friction  wheel  is 


so  adjusted  that  it  will  bear  upon  the  disc  with  sufficient 
force  to  he  revolved  thereby.  This  wheel  takes  the  place 
of  the  pulley  of  the  usual  flexible  dental  engine  arm 
and  pulley.  By  the  use  of  a lever  the  friction  wheel 
can  be  moved  back  and  forth  on  the  face  of  the  disc.  In 
one  position  of  the  wheel  (he  bur  is  rotated  in  a right 
hand  direction  and  in  the  opposite  position  it  is  reversed, 
and  between  these  two  points  any  degree  of  speed  can 
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be  bad.  An  automatic  device  in  which  the  hand-piece  is 
hung  opens  the  circuit  when  the  engine  is  not  in  use. 

As  another  illustration  of  the  first  type  of  electric 
engines,  we  may  take  the  engines  made  by  the  Electro 
Dental  Manufacturing  Company.  One  of  these  asi 
shown  in  Fig.  89,  has  its  motor  pivoted  in  a wall 
bracket,  and  power  is  communicated  to  the  hand-piece 
through  a rod  and  flexible  cable  of  about  equal  length. 


Fig.  91.— Foot  Switch. 


The  same  company  also  has  an  all-cord  engine 
mounted  in  a similar  manner  except  that,  the  motor  shaft 
is  in  a perpendicular  position,  as  shown  in  Fig.  90. 

Both  stvles  of  engines  are  to  he  controlled  in  the  same 
manner  by  the  movable  foot  switch  as  illustrated  in 
Fig.  91.  Pushing  the  lever  to  the  right  increases  the 
speed  of  the  motor  in  its  forward  direction,  and  pushing 
the  lever  to  the  left  regulates  the  speed  in  the  opposite 
direction. 
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Fig.  <12. -a.  S.  White  Moron  and  Engine. 
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It  gives  four  speeds  in  the  forward,  and  two  in 
the  reverse  direction.  The  lever  may  be  locked  at 
any  position  so  that  it  is  not  necessary  to  keep  the  foot 
against  the  lever  at  all  times.  A slight  touch  will  re- 
lease the  lever  when  it  will  return  to  the  center  and 
stop  the  motor. 

As  an  illustration  of  a modern  engine  equipment  of 
the  second  type  we  may  take  the  S.  S.  White  as  shown  in 
Fig.  92.  In  this  the  motor  forms  part  of  the  engine 
' base.  The  upper  part  may  he  a cord  engine  as  shown 
or  it  may  have  the  flexible  arm.  The  engine  can  be 
moved  about  the  chair  in  the  same  manner  as  a pedal 
engine,  and  except  that  it  is  somewhat  heavier  by  reason 
of  the  motor,  one  who  is  accustomed  to  the  old  stvle 
finds  little  difficulty  in  adopting  the  new. 

The  same  company  has  another  engine  upon  the 
market  in  which  the  motor  is  a part  of  the  base  of  the 
engine.  This  as  shown  in  Fig.  93  is  somewhat  heavier, 
but  being  provided  with  castors  can  be  easily  moved 
about.  The  motor  is  encased  in  a glass  cover  which 
renders  it  noiseless  and  also  protects  it  from  dust.  It  is 
made  to  operate  in  either  direction  and  at  various  rates 
of  speed.  It  also  has  a unique  feature  in  the  break. 
A disc  fixed  near  one  end  of  the  pidley  shaft  below 
becomes  magnetic  by  the  touching  of  a button  on  the 
foot  switch-board.  The  disc  thus  magnetized  attracts 
another  disc  which  is  upon  the  same  shaft  and  which 
also  serves  as  the  pulley  wheel.  The  adhesion  of  these 
two  instantly  stops  the  belt. 

The  motor  is  of  the  motor-dynamo  class  by  which  is 
meant  that  while  it  is  operated  by  an  electric  current 
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Fu;.  Motor  and  Engine  Combined. 
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on  one  end  of  the  armature  it  will  also  give  off  another 
current  from  the  other  end.  The  current  yielded  by 
this  motor-dynamo  is  especially  intended  for  heating 
purposes,  such  as  the  root-drier,  the  cautery,  and  electric 
mallet  which  are  supplied  with  the  outfit  as  shown. 


The  Berry  Electric  Engine  illustrated  in  Eig.  94,  is 
somewhat  smaller  than  the  ones  just  described.  It, 
however,  has  the  foot  switch  embodied  in  the  base  in 
such  a manner  as  to  resemble  tbe  treadle  engine.  This 
engine  is  one  well  adapted  for  the  use  of  those  who  do 


Fig.  94.— Berry  Engine. 
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not  wish  to  change  from,  the  conventional  form  of  dental 
engines. 


Fro.  95.— Motor  and  Switch  of  Rf.uky  Engine. 

In  Fig.  95  is  an  enlarged  view  of  the  base.  Tt  will 
he  seen  that  the  motor  takes  the  place  of  the  wheel,  and 
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Fig.  96.— Browning  Engine  with  Doriot  Arm. 
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the  treadle  operates  the  rheostat  lever  for  regulating  the 
speed  of  the  motor.  The  dentist  who  has  become  ac- 


Fig.  97.— Browning  Engine  with  Flexible  Arm  and 
Movable  Foot  Controller. 


customed  to  the  treadle  engine  will  verv  easily  learn 
the  management  of  such  an  engine  as  this. 
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The  Browning  engine  is  another  of  this  class.  Pig. 
96  shows  this  engine  with  foot  controller  in  the  base. 
This  engine,  like  many  others  of  its  style,  may  be  used  to 
operate  the  all-cord  and  Doriot  arm-pieces. 

The  same  company  supplies  an  engine  to  all  appear- 
ance like  the  foregoing  except  that  the  controlling  de- 
vice is  separate  from  the  engine  base  as  shown  in  Fig. 
97.  This  gives  the  operator  more  freedom  of  movement, 
enabling  him  to  place  the  engine  at  the  full  cable’s 
length  from  the  patient  and  at  the  same  time  have  the 
foot  controller  within  easv  reach.  In  this  illustration 

*J 

the  engine  is  shown  with  a flexible  arm. 

It  requires  but  little  ingenuity  on  the  part  of  the 
dentist  to  convert  his  foot  engine  into  one  of  the  former 
style.  An  ordinary  fan  motor  of  one-twelfth  horse- 
power, such  as  can  be  had  upon  the  market  at  a cost  of 
from  twelve  to  fifteen  dollars,  will  meet  all  the  require- 
ments. This  should  be  firmly  fixed  on  the  base  in  such 
a manner  that  its  pulley  comes  as  nearly  as  possible  in 
line  with  the  upper  pulley.  If  the  wheel  of  the  old  en- 
gine be  removed  no  difficulty  will  be  experienced 
in  doing  this.  The  proper  speed  will  be  attained  for  the 
shaft  if  the  pulley  wheel  of  the  motor  is  about  the  same 
size  as  that  on  the  head  of  the  engine. 

The  most  difficulty  will  be  experienced  in  making  the 
rheostat  for  regulating  and  reversing  his  engine.  To 
do  this  he  should  proceed  as  follows : Take  an  ordinary 

school  slate,  four  by  six  inches,  from  which  the  frame 
has  been  removed,  and  wrap  about  thirty  feet  of  twenty- 
seven  gauge  german-silver  wire  upon  it.  The  edges  of 
the  slate  can  be  notched  so  as  to  keep  the  wire  in  place. 
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Leave  the  two  ends  about  six  inches  long,  and  solder 
another  piece  about  the  same  length  to  a wire  near  the 
middle  of  the  slate.  This  trives  three  wires  to  be  con- 
nected  to  the  switch  which  we  will  now  describe.  Fit 


Fig.  98.— Diagrammatic  Wiring  for  Rheostat  and 
Reversing  Appliance. 

a triangular  piece  of  hard  fiber  about  three-eighths  of  an 
inch  thick  between  the  two  feet  of  the  base  which  will 
be  nearest  to  the  foot  when  the  engine  is  in  position  for 
use.  Pivot  a fiber  lever  as  shown  at  L in  Fig.  98,  so 
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that  it  will  swing  from  side  to  side  by  pressure  of  the 
foot,  and  yet  in  such  a manner  that  the  springs  S and  S 
will  return  it  to  the  center  when  the  foot  is  removed. 
Fix  three  brass  springs,  1,  2,  and  3 on  the  under  surface 
of  this  lever.  These  springs  should  he  about  twenty- 
eight.  gauge,  one-half  inch  wide,  and  bent  in  the  follow- 
ing shape,  which  is  a full  size  diagrammatic  section  of 
the  lever  and  one  of  the  springs: 


Describe  upon  the  fiber-board  three  arcs,  which  will 
come  under  the  springs,  when  they  sweep  in  either  direc- 
tion. Fasten  upon  the  board  as  represented  in  the 
diagram  ten  brass  plates,  eighteen  gauge  in  thickness. 
Connect  plates  4 together  with  a wire  running  under- 
neath, and  in  like  manner  connect  plates  5 and  G. 
Then  connect  in  the  same  manner  on  the  under  surface 
plates  7 and  10,  and  on  the  upper  surface  plates  8 and  9. 
By  so  doing  the  wires  in  crossing  one  another  cannot 
come  in  contact.  The  rheostat  is  shown  in  front  of  the 
switch-board  for  simplicity;  this,  however,  is  to  be 
placed  under  tlie  fiber-board,  care  being  taken  that  its 
wires  do  not  touch  those  of  the  switch-board.  A sheet  of 
mica  or  asbestos  should  intervene  between  the  two  to 
insure  against  such  contact.  Connect  plates  9 and  10 
with  the  two  brushes  of  the  motor;  spring  1 with  the 
end  of  the  rheostat  that  is  connected  ’with  plate  6 \ 
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spring  2 with  one  end  of  the  field-wire  of  the  motor; 
and  spring  3 with  one  of  the  mains.  The  other  main 
is  to  be  connected  with  the  other  field  terminal.  The 
wires  from  1,  2,  and  3 should  pass  along  the  lever  to  its 
pivot  and  from  there  to  the  hoard  by  small  coils,  the 
flexibility  of  which  will  permit  of  the  lateral  movements 
of  the  lever. 

In  the  practical  operation  of  this  switch,  pushing  the 
lever  to  the  right  brings  the  three  springs  in  contact 
with  three  plates.  The  current  enters  plate  4 and 
passes  through  the  rheostat,  then  through  the  armature 
and  field  in  series.  Pressing  the  lever  further  to  the 
right  till  it  comes  in  contact  with  plate  5,  cuts  out  the. 
resistance  between  4 and  5,  and  the  motor  increases  its 
speed  accordingly.  When  the  spring  is  on  6,  all  the 
resistance  is  cut  out,  and  the  full  potential  is  operative. 
During  these  three  steps  there  has  been  no  change  in  the 
relations  of  8 and  10.  Pressing  the  lever  to  the  left 
from  the  middle  point,  reverses  the  direction-  of  the 
motor,  and  gives  three  speeds  as  before. 

The  speed,  as  just  seen,  is  regulated  by  the  plates  4,  5, 
and  6.  The  purpose  of  the  other  four  plates  is  to  re- 
verse the  direction  of  the  motor.  It  will  be  seen  that 
when  spring  2,  for  instance,  is  in  contact  with  plate  10, 
the  current  enters  at  the  upper  brush  to  the  armature 
and  when  it  is  on  plate  9,  the  current  enters  at  the  lower 
brush  to  the  armature,  the  result  of  which  being  a 
reversal  in  the  direction  of  the  current  through  the 
armature,  and  the  field  always  remaining  the  same, 
the  armature  reverses  its  direction  of  rotation. 

An  engine  fitted  out  in  this  manner,  although  some- 
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what  heavier  than  the  original,  is  one  very  easy  for  the 
dentist  to  begin  with.  The  manipulation  of  the  hand- 
piece and  the  flexible  arm  is  the  same  as  before,  ancl 
lie  has  only  to  learn  the  management  of  the  foot-switch 
As  a precaution  against  grounding  any  part  of  the  wir- 
ing on  the  metal  base  of  the  engine  and  shocking  the 
patient,  a section  of  fiber  or  vulcanite  should  be  inserted 
somewhere  in  the  upper  portion  of  the  shaft  which,  sup- 
ports the  flexible  arm. 

In  taking  up  the  third  type  of  electric  engines,  or 
those  in  which  the  motor  is  situated  some  distance  from 
the  engine,  and  power  is  transmitted  thereto  by  means 
of  a belt,  we  find  there  is  a large  variety  of  them.  We 
may  first  take  one  of  the  S.  S.  White  engines.  This 
company  has  supplied  a line  of  engines  of  such  a vari- 
ety as  to  meet  all  the  requirements  of  current,  and  about 
all  the  whims  of  operators.  It  furnishes  dental  engines 
of  all  three  types,  some  of  which  have  already  been 
described,  but  the  favorite  ones  are  of  the  third  type. 
Probably  the  most  convenient  style  is  that  in  which  the 
flexible  sleeve  is  pivoted  upon  the  end  of  a bracket  fas- 
tened to  the  window  frame  as  shown  in  Fig.  100.  The 
bracket  is  provided  with  an  extension  arm  for  preserving 
the  proper  tension  upon  the  belt.  The  spiral  spring  of 
the  first  section  gives  a supple  flexibility  to  the  hand- 
piece,  and  this  is  further  aided  by  the  lateral  movement 
at  its  pivotal  attachment  to  the  bracket.  Moreover, 
the  pivoting  of  the  bracket  at  the  wall  permits  of  its 
being  pushed  aside  when  not  in  use,  as  well  as  gives  addi- 
tional freedom  of  movement  to  the  arm. 

The  motor  is  placed  upon  the  floor  and  the  usual  form 
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Fig.  100.-S.  S.  White  Engike  of  the  Third  Tvte. 
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of  switch-board  is  provided,  which  can  be  placed  at 
any  convenient  point  about  the  chair. 

The  same  company  also  supplies  a cord  engine  some- 
what upon  this  plan.  Instead,  however,  of  the  move- 
ment. of  the  arms  being  in  a lateral  direction,  it  is  at 
right  angles.  The  two  arms  of  this  engine  are  of  about 
equal  length.  A balancing  weight  sustains  the  weight 
of  the  two,  so  that  the  operator  has  only  to  manage  the 
hand-piece.  While  all  cold  engines  have  not  that  free- 
dom and  flexibility  of  movement  of  the  hand-piece,  this 
form  of  engine  is  quite  popular  because  of  the  direct  im- 
pulse given  the  bur  hv  the  motor.  The  “back-lash,”  as 
it  is  called,  is  avoided  by  this  arrangement.  The  motor 
is  usually  placed  upon  the  floor  and  the  cord  runs  direct 
to  the  hand-piece  without  the  intervention  of  a spiral 
spring. 

The  engine  shown  in  Fig.  100  is  one  which  can  he 
operated  by  an  alternating  as  well  as  a direct-current 
motor.  The  friction  device  shown  in  the  center  of  the 
figure  is  intended  to  be  operated  by  a motor  running 
at  a constant  speed,  and  the  variable  speed  for  the  en- 
gine is  obtained  by  shifting  the  position  of  the  small 
friction  wheel  upon  the  face  of  the  larger  disc.  This  de- 
vice differs  from  most  appliances  of  its  kind,  the  disc 
being  the  shape  of  half  a sphere  and  the  pulley  wheel 
being  carried  upon  an  arm  which  is  pivoted  at  a point 
which  is  in  line  with  the  center  of  the  sphere. 

The  foot  switch  of  all  this  style  of  regulators  is  fixed 
at  a convenient  point  under  the  chair,  and  motion  is 
communicated  to  the  movable  arm  by  means  of  two 
wire  cables.  Shifting  the  lever  to  the  right  moves  the 
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arm  in  that  direction  -which  gives  the  engine  a for- 
ward motion,  and  shifting  to  the  left  reverses  the  direc- 
tion. The  speed  of  the  bur  is  regulated  by  the  distance 
that  the  friction  pulley  is  from  the  center  of  the  disc. 


Eig.  101. — Bekky  Dkktal  Engine. 


The  Berry  Dental  Manufacturing  Company  also  has 
an  engine  of  the  third  class  upon  the  market.  As  seen  in 
Tig.  101  the  arm  is  fastened  to  the  window  frame  and  is 
of  the  proper  length  to  reach  the  chair.  The  motor  is 
stationed  below.  The  foot  switch  only  contains  the  con- 
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tact  buttons  for  the  regulating  resistance  which  is  upon 
the  wall.  By  this  arrangement  the  switch  can  he  made 
much  lighter  than  one  which  also  contains  the  resistance. 

An  engine  devised  by  Dr.  AY.  11.  Taggart  in  1887,  in 
point  of  simplicity  and  effectiveness,  and  one  which  may 
he  said  to  be  a compromise  between  the  flexible  arm 
and  the  cord  engine  deserves  mention,  and  the  author 
having  used  one  made  upon  these  lines  since  that  time, 
can  speak  from  the  standpoint  of  experience.  If  the 


arm  of  the  Shaw  engine  be  removed  from  the  upright, 
and  an  L-shaped  piece  be  soldered  below  the 
pulle}7,  as  illustrated  in  Fig.  102,  and  a hall 
of  metal  about  two  inches  in  diameter  be  drilled 
and  tapped  so  as  to  screw  on  the  arm,  the  engine  is 
complete.  The  motor  should  be  an  eighth  or  twelfth 
horse-power.  This  can  be  stationed  anywhere  about 
the  office.  If  the  dentist,  wishes  to  be  economical,  this 
motor  can  be  used  in  the  laboratory  for  running  the 
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lathe  also,  and  the  belt  run  from  this  out  to  the  chair. 
Two  pulleys  of  hard  rubber,  such  as  are  used  on  the  S. 
S.  White  cord  engine,  should  be  mounted  on  a rosette 
of  wood,  about  live  inches  apart,  and  this  rosette  fas- 
tened to  the  ceiling  at  a point  directly  over  the  right 
arm-piece  of  the  chair.  A belt  of  fishing  line  or  a good 
grade  of  corset  twine  is  brought  from  the  motor  through 
the  two  pulleys  and  down  to  the  pulley  of  our  dental 


arm.  The  rosette  is  turned  at  such  an  angle  that  when 
the  engine  hangs  at  rest  it  will  he  out  of  the  way  of  the 
operator.  After  the  foot  switch  made  on  the  lines  previ- 
ously described  for  the  base  of  an  old  engine,  has  been 
connected,  our  engine  is  complete,  and  such  an  outfit  is 
shown  in  Fig.  103. 

~ I 

This  engine  has  several  desirable  features.  It  has 
all  the  flexibility  of  others  by  reason  of  the  two  short 
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Fig.  l(tt.— The  Taggart  Electric  En'gixe. 
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flexible  springs,  one  at  the  hand-piece  and  one  in  the 
arm,  and  the  universal  joint  at  the  pulley.  It  has  hut 
little  “back-lash”  because  of  the  short  length  of  the 
spiral  spring  in  the  shaft  line.  By  screwing  the  weight 
backward  or  forward,  the  hand-piece  can  be  so  exactly 
balanced  that  the  operator  has  no  weight  to  handle.  A 
hook  near  by  holds  the  arm  out  of  the  way  when  not 
in  use. 

If  the  dentist  wishes  to  perfect  this  in  detail,  so  as  to 
use  the  one  motor  for  both  purposes  without  changing 


Fig.  104.— Electric  Clutch. 


the  belt,  a magnetic  pulley  on  either  end  of  the  shaft, 
one  for  the  lathe  and  one  for  the  engine,  can  be  automat- 
ically clutched  by  the  mere  operation  of  the  switch  for 
whichever  instrument  he  is  using.  The  electromagnets 
for  this  purpose  should  be  wound  with  the  same  size  of 
wire  as  the  field  of  the  motor,  and  placed  in  series  with 
it.  They  should'be  about  one  inch  in  diameter,  and  two 
inches  in  length,  and  poised  as  close  as  possible  to  the 
back  of  a soft  iron  disc  on  the  end  of  the  shaft.  This 
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disc  should  be  electrically  insulated  from  the  shaft  by  a 
bushing  of  fiber  and  yet  firmly  fixed  thereto.  It  should, 
moreover,  be  turned  perfectly  true  on  both  surfaces  after 
being  mounted.  Just  inside  of  this  disc  toward  the 
motor  is  a loose  pulley  of  soft  iron  with  a fiber  bushing 


which  insulates  it  from  the  shaft  as  sectionallv  shown 
in  Fig.  104,  which  represents  one  end  of  the  armature 
shaft. 

When  the  magnet  is  energized  it  induces  magnetism 
in  the  fixed  disc  at  the  end  of  the  shaft.  This,  in  turn, 
attracts  the  loose  pulley  to  it  so  firmly  that  it  becomes 
a fixed  pulley  for  the  time  being,  or  as  long  as  the  cur- 
rent is  supplied  to  the  motor  through  the  electromagnet 
at  this  end. 
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A needle  pointed  set-screw  makes  accurate  adjust- 
ment of  the  shaft,  and  also  receives  the  end-thrust  pro- 
duced hy  the  magnetic  pull. 

The  other  end  of  the  shaft  is  to  be  precisely  the 
same,  and  the  wiring  must  he  so  made  that  when  using 
the  switch-hoard  the  pulley  wheel  for  that  side  only  is 
affected.  This  may  be  done  in  the  manner  illustrated 
in  Fig.  105. 

In  this  diagram  S represents  the  foot-switch  in  the 
operating  room  and  also  the  switch  in  the  laboratory. 


Fig.  106.— Mason  Speed  Regulator. 


The  Mason  engine  was  one  of  the  first  mechanical  ap- 
pliances for  obtaining  a variable  speed  from  a motor 
running  at  a uniform  speed.  This  device  which  is  shown 
in  Fig.  106  consists  of  a large  disc  which  may  he  oper- 
ated by  any  electric  motor.  For  this  reason  the  Mason 
system  has  been  of  especial  value  where  only  the  alter- 
nating current  can  be  had.  A friction  wheel  which  also 
serves  as  the  pulley  wheel  for  the  belt  is  mounted  upon 
a shaft  which  plays  back  and  forth  in  front  of  the  disc. 
In  either  extreme  right  or  left  position  the  speed 


244 


DENTAL  ELECTRICITY 


is  the  highest  and  this  gradually  decreases  as  the 
friction  wheel  approaches  the  center  where  it  comes  to 


a full  stop.  It  then  reverses  its  direction  when  passing 
to  the  other  side  of  the  disc.  In  this  simple  manner 
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the  operator,  by  using  a lever  under  the  chair,  has  com- 
plete control  over  the  speed  of  the  engine  as  well  as  the 
direction  of  rotation.  The  appliance  is  also  provided 


Fig.  108.— Motor  and  Lathe  Head. 


with  a switch  which  automatically  opens  the  circuit 
when  the  lever  is  in  the  middle  position  and  closes  it 
when  the  lever  leaves  the  center. 
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All  tlie  foregoing  engines  except  the  one  in  Fig.  100 
and  the  Mason  engine  are  to  be  operated  by  the  direct 
current.  Up  to  the  year  1899  there  was  no  dental 
motor  that  could  he  satisfactorily  operated  upon  the 
alternating  current.  In  that  year  the  Ritter  Dental 
Company  brought  out  a motor  for  this  current  which 


Fio.  10!).— Ritter  Electric  Lathe. 

can  be  controlled,  and  which  is  in  nearly  every  respect 
equal  to  the  direct  current  motor.  This  as  shown  in 
Fig.  107  differs  but  little  in  appearance  from  the  direct- 
current  engine  of  Fig.  8G. 

THE  ELECTRIC  LATHE. 

Closely  following  the  introduction  of  the  electric 
motor  in  the  operating  room,  it  was  adapted  for  labor- 
atory use.  One  of  the  first  for  this  purpose  is  shown 
in  Fig.  108.  This  was  a most  natural  transition.  It 
made  use  of  the  lathe  heads  then  in  use,  and  simply 
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supplied  motive  power  for  what  had  before  required 
considerable  physical  effort. 

Although  but  a few  years  have  passed  there  have 
been  a great  many  changes  in  the  design  and  construc- 
tion of  motors  for  this  purpose.  The  most  important 
change  was  the  construction  of  a motor  and  lathe  head 
in  one  instrument  by  the  Ritter  Dental  Company.  The 
base  of  the  lathe  is  made  broad  enough  to  stand  and 
be  operated  wherever  it  is  placed.  This  instrument 
was  an  innovation  and  an  ornament  to  the  laboratorv, 

i 7 


Fig.  111.— Berry  Electric  Lathe. 


and  is  so  easily  portable  that  many  dentists  use  one 
motor  in  both  departments.  Tt  is  shown  in  Fig.  100. 
The  field  is  of  laminated  iron  and  is  so  heavy  that  when 
a motor  is  assembled  it  will  remain  perfectly  quiet  while 
running.  The  armature  is  entirely  enclosed,  thus  mak- 
ing it  dust-proof  and  both  ends  of  it  are  fitted  to  receive 

the  chucks  and  mandrels.  The  oil  is  fed  bv  means  of 

«/ 

a wick  from  a cup  below  each  bearing. 
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A special  feature  of  this  motor  is  the  provision  for 
wear.  A steel  sleeve,  shown  at  F in  Fig.  110,  fits  upon 
the  armature  shaft  and  is  readily  replaced  by  a new  one 
when  worn  to  any  appreciable  extent.  This  practically 
makes  this  instrument  one  which  cannot  be  worn  out  in 
years. 

A switch  button  in  front  regulates  the  speed  of  the 
motor  to  suit  the  operator. 

The  Berry  Company  makes  a lathe  motor  as  shown  in 
Fig.  111.  This  is  somewhat  smaller  than  the  one  just 


Fig.  112.- -Brownin' g Electric  Lathe. 

described,  but  is  operated  in  the  same  manner.  It  is 
thoroughly  made  and  is  an  ornament  to  the  dental  office. 

Both  ends  of  the  armature  shaft  are  fitted  to  receive 
mandrels.  These  slip  on  and  lock  themselves  by  a half 
turn  in  an  opposite  direction  to  that  in  which  the  arma- 
ture revolves.  The  whole  motor  is  dust-proof,  as  these 
motors  should  be.  On  the  top  is  a switch  for  regulating 
the  speed. 

The  Browning  Electric  Company  also  has  a lathe 
motor  upon  the  market.  This  as  shown  in  Fig.  112  is 
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similar  to  the  first  mentioned  in  external  appearance. 
It  differs  from  it  in  point  of  finish  and  the  method  of 
attaching  the  mandrels. 

The  Victor  Electric  Company  manufactures  an  elec- 


Fig.  113.— Victor  Electric  Lathe. 


trie  lathe  which  is  shown  in  Eig.  113.  This  has 
the  field  below  and  the  rheostat  above.  It  has  five 
speeds  and  is  entirely  closed  so  as  to  be  dust-proof.  I he 
mandrels  screw  directly  on  the  armature  shaft  by  a few 
turns.  This  electric  lathe  is  a nominal  eighth  horse- 
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power,  as  are  also- nearly  all  which  are  designed  for  this 
purpose. 

Still  another  electric  lathe  is  illustrated  in  Fig.  lid. 
An  interesting  feature  of  this  lathe  is  the  manner  of 
fastening  the  mandrels.  The)'  fit  on  the  end  of  the 
armature  shaft  by  an  accurate  taper,  and  are  loosened 
therefrom  by  a sharp  tap  of  the  lever  as  seen  on  the 
right.  This  motor,  like  most  of  the  same  class,  is  shunt 


Fig.  114. — Electro  Dental,  Electric  Lathe. 


wound  whereby  a constant  speed  is  maintained  regard- 
less of  the  load  that  is  put  upon  it. 

Many  of  the  more  fully  equipped  dental  laboratories 
have  a machinist’s  lathe.  Even  the  smallest  of  these 
lathes  require  considerable  physical  strength  to  operate 
them,  and  it  is  not  practical  to  even  attempt  operating 
the  second  or  third  of  the  smaller  sizes  by  foot-power. 
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Here  the  value  of  an  electric  motor  comes  into  play, 
and  it  will  not  require  as  large  a one  as  might  be  sup- 
posed. A Humber  4^  Barnes  lathe,  or  any  of  the 
smaller  sizes  of  machine  lathes  can  be  operated  with  a 
one-sixth  horse-power  motor.  This  size  is  ample  for 
the  above-mentioned  lathe,  and  with  this  as  an  example, 
the  dentist  can  readily  estimate  the  size  of  motor  that 
will  he  necessary  for  larger  lathes. 

The  motor  should  he  placed  on  a bracket  back  of 
the  lathe  head,  and  no  more  than  a foot  distant  there- 


Fig.  115.— Reversing  Switch  for  Series- Wound  Motor. 

from.  It  is  a good  plan  to  fasten  a shelf  about  eighteen 
inches  wide  to  the  back  of  the  lathe  bed  for  the  tools, 
and  set  the  motor  on  this.  The  motor  should  slide  upon 
its  base,  for  the  purpose  of  tightening  the  belt.  It 
should  also  be  placed  with  its  pulley  wheel  to  the  right 
in  order  that  it  may  not  interfere  with  the  lathe  work. 
It  will  he  found  that  if  the  pulley  is  put  in  line  with 
the  large  end  of  the  lathe  pulley  and  belted  thereto, 
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the  speed  of  the  lathe  will  he  fast  enough.  Here  comes 
in  play  the  special  fitness  of  individual  motors  for  lathe 
work.  In  machine-shops  it  is  necessary  to  shift  the  belt 
upon  the  cone-pulley  of  the  lathe  in  order  to  increase  or 
reduce  its  speed.  This  is  quite  unneccessary  when  an 
individual  motor  is  used  to  operate  the  lathe.  The 
rheostat  not  only  does  this  but  it  gives  a greater  range 
of  speed  than  can  be  obtained  from  any  other  source. 
Moreover,  by  the  use  of  a reversing  switch,  the  lathe 


can  be  made  to  run  in  either  direction,  a feature  not 
usually  found  in  machine  shops  except  on  special  lathes. 

It  is  a good  plan  always  to  have  the  first  button  of  a 
rheostat  blank,  as  by  so  doing  the  rheostat  also  answers 
for  a switch.  The  operator  knows  what  speed  he  will 
require  for  the  work  in  hand  and  the  lever  is  put  upon 
that  button  at  once. 

Tf  the  motor  is  not  provided  with  a reversing  switch, 
one  can  be  made  in  the  following  manner:  A double- 
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pole,  double-throw,  baby-knife  switch  can  be  bad  at  any 
electrical  supply  bouse.  This  should  be  mounted  at  any 
convenient  jdace.  If  the  motor  is  near  the  lathe-head 
as  suggested,  it  should  be  fixed  on  top  of  the  motor.  It 
should  be  connected  to  the  motor  wires  in  the  manner 
illustrated  in  Fig.  115,  if  a series-wound  motor,  as  in 
Fig.  116  if  a shunt-wound  motor.  IVlien  the  lever  is 
thrown  to  the  right  the  current  is  caused  to  flow  through 
the  armature  in  one  direction,  and  when  the  lever  is 
thrown  to  the  left,  it  flows  in  an  opposite  direction,  the 
effect  of  which  is  to  reverse  the  direction  of  rotation. 

It  will  be  noticed  that  before  using  the  switch  two 
wires  should  be  crossed  and  connected  to  the  four  corner- 
posts  as  represented.  They  should  be  placed  under- 
neath and  insulated  from  one  another  and  from  the 
motor. 

THE  ELECTRIC  FAN. 

The  electric  fan  is  a welcome  adjunct  to  the  dental 
office,  and  its  value  is  so  apparent  that  its  merits  need 
not  be  elaborated  upon. 

Experience,  however,  has  shown  that  not  any  fan  will 
answer  for  the  chair.  It  should  be  of  the  buzz-fan  type 
as  shown  in  Fig.  117.  Many  dentists  make  the  mistake 
of  using  a small  fan  at  a very  high  rate  of  speed. 
Such  a fan  to  be  effective  creates  a great  deal  of  noise, 
and  sends  out  a stiff  breeze  of  rather  small  field.  This 
is  not  the  most  desirable.  All  that  is  necessary  for  the 
comfort  of  both  patient  and  operator  is  a gentle  breeze 
of  a wide  field.  The  noise  of  the  small  fan,  although 
in  a measure  one  which  is  soon  unnoticed,  keeps  one  in 
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a semi-nervous  tension.  The  proper  fan  for  the  dental 
chair  would  be  one  at  least  fifteen  inches  in  diameter 
and  an  eighteen-inch  fan  would  he  ideal.  It  should  he 
operated  at  such  a speed  that  there  will  he  absolutely 
no  noise.  This  will  usually  give  a gentle  breeze  which 


Fig.  117.— Electric  Fan. 


will  not  in  the  course  of  the  operation  endanger  one’s 
health,  and  yet  keep  both  operator  and  patient 
perfectly  comfortable.  If  the  dentist  will  buy  a nomi- 
nal twelve-inch  fan  motor,  and  use  an  eighteen-inch  fan 
thereon,  he  will  have  the  ideal  fan  for  the  dental  chair. 
The  motor,  in  driving  the  eighteen-inch  fan,  may  become 
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h little  wanner  than  was  intended,  but  it  will  not  become 

dangerously  so.  The  motor  will  have  power  enough  to 

operate  the  fan  at  the  speed  indicated  above  and  fre- 

% 

quently  a margin  to  spare.  This  can  be  regulated  to 
suit  the  operator  by  means  of  the  rheostat  which  is 
usually  enclosed  in  the  base  of  the  fan. 

THE  ELECTRIC  AIR  COMPRESSOR. 

The  use  of  compressed  air  has  become  a necessity  in 
the  well-regulated  dental  office.  There  are  several  opera- 
tions at  the  chair  which  can  be  better  performed  by  air 
which  comes  direct  from  a cylinder  under  uniform 


Fig.  118.— Victor  Air  Compressor  No.  1. 

pressure,  than  by  the  use  of  the  chip-blower.  The  des- 
sication  of  dentine,  the  drying  of  roots  for  filling’  and  for 
setting  crowns,  the  exploration  for  tartar,  and  for  use 
with  the  atomizer  require  a uniform  and  frequently  a 
high  pressure  of  air.  This  can  only  be  had  from  a 
cylinder  of  compressed  air.  Moreover  its  utility  often 
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depends  largely  upon  its  being  ready  for  use  at  any  mo- 
ment. 

Compressed  air  lias  usually  been  obtained  where  run- 
ning water  is  in  the  building,  by  the  use  of  a beer  pump. 
In  offices  in  very  high  buildings,  however,  the  pressure 
is  not  sufficient,  and  in  suburban  situations  water  pres- 


Fjg.  110— Victor  Aik  Compressor  No.  2. 


sure  is  not  to  be  bad  at  all.  To  meet  these  conditions 
the  Victor  air  compressor  as  illustrated  in  Fig.  118  lias 
been  devised.  This  consists  of  an  electric  motor  and  an 
air-pump  mounted  together.  In  connection  with  this,  a 
kitchen  tank  of  at  least  sixty  gallons’  capacity  should  be 
used  as  a reservoir.  It  is  not  practical  to  operate  the 
pump  every  time  air  is  needed;  moreover  some  blow- 

17 
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pipe  operations  require  a larger  volume  of  air  than  the 
pump  can  supply.  By  the  use  of  the  reservoir,  however, 
the  stored-up  supply,  in  addition  to  the  feeding  in  by 
pumps  will  he  sufficient  to  meet  all  the  requirements. 

The  same  company  also  supplies  an  air  compressor 
of  an  upright  type  as  shown  in  Fig.  119.  This  pump 
is  a single-acting  machine  and  will  maintain  a pressure 
of  sixty  pounds  in  the  reservoir. 


Fig.  120.— Auto-ekectkic  Aik  Compkessok. 


The  Auto-Electric  Air  Compressor  takes  its  name 
from  the  automatic  working  of  the  device.  An  electric 
motor  is  directly  geared  to  a short -stroke  pump.  This 
furnishes  an  air  pressure  of  forty-five  pounds.  The 
unique  feature  of  the  appliance  is  the  use  of  an  electric 
device  whereby  the  motor  is  automatically  operated  by 
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a slight  variation  in  the  air  pressure.  The  controlling 
device  can  be  set  so  as  to  operate  at  any  desired  pressure 
up  to  forty-five  pounds. 

In  the  practical  operation  of  the  air-pump,  unless  it 
is  of  the  automatic  type,  it  is  necessary  to  run  thd 
motor  each  morning  for  the  day’s  supply.  The  ingen- 
ious dentist,  however,  can  easily  construct  a device  for 
automatically  operating  any  electric  motor  in  a manner 
similar  to  the  Auto  Air  Compressor  by  the  lowering  of 
the  air  pressure  in  the  tank.  This  can  be  done  by  using 
a cylinder  about  three  inches  in  diameter  covered  with 
a top  of  corrugated  german  silver  about  thirty-two 
gauge.  This  acts  as  a diaphram  which  moves  up  and 
down  with  the  air  pressure.  A spring-controlled  lever 
bears  upon  the  center  of  the  diaphram,  and  this  lever 
is  so  connected  that  it  closes  the  electric  circuit  and 
starts  the  motor  when  the  pressure  falls  to  a certain 
point.  As  the  diaphram  rises  under  the  increased  pres- 
sure, the  lever  is  carried  away  from  the  contact,  break- 
ing tbe  electric  circuit  when  the  air  pressure  reaches 
the  desired  point.  In  this  manner  the  whole  outfit  can 
be  made  automatic,  and  the  cut-out  can  be  so  closely 
adjusted  by  means  of  a screw,  as  is  the  author’s,  that  a 
difference  of  but  one  pound  will  start  tbe  motor. 

ft 

THE  EEECTRIC  MALLET. 

All  the  foregoing  manifestations  of  power  are  due  to 
the  motive  power  of  an  electric  motor,  in  which  the  cen- 
tral figure  is  an  electromagnet,  the  field  of  the  motor, 
which  causes  another  electromagnet,  the  armature,  to 
revolve.  We  now  take  up  another  electrical  instrument 
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in  dental  practice  under  the  head  of  power ; namely,  the 
electric  mallet.  In  this  instrument  we  have  practically 
the  same  principles  at  work  as  in  the  electric  motor,  the 
only  difference  being  that  the  armature  is  given  a vibra- 
tory instead  of  a rotary  motion.  The  armature  in  some 
electric  mallets,  instead  of  being  an  electro-armature,  by 
which  is  meant  one  whose  magnetism  is  induced  by  a 
coil  of  wire  carrying  current  around  it,  is  a soft  iron 
armature.  An  electromagnetic  armature  may  be  used 
for  this  purpose,  but  the  requirements  are  not  so  great 
but  that  the  simple  soft  iron  armature  answers  the  pur- 
pose in  most  electric  mallets. 

The  invention  of  the  electric  mallet  by  Dr.  W.  G.  A. 
Bonwill  in  1867  may  be  said  to  mark  the  beginning  of 
the  use  of  electricity  in  dentistry.  The  electric  current 
had  been  employed  with  questionable  results  for  anaes- 
thetic purposes  prior  to  this  time,  but  it  was  this  instru- 
ment which  introduced  electricity  in  a practical  and  use- 
ful form  to  the  dentist: 

The  electric  mallet  has  properties  not  possessed  by 
any  other  mallet.  The  blow,  which  can  be  regulated  for 
any  intensity,  is  practically  the  same  as  long  as  desired. 
A filling  made  in  this  way  is  more  homogeneous  than 
that  produced  by  any  other  method.  The  automatic 
mallet,  while  similar  to  the  electric,  in  some  respects, 
gives  a blow  which  is  easily  modified  by  the  hand  either 
by  a little  side  pressure  on  the  instrument,  or  by  fol- 
lowing up  the  blow  with  hand  pressure,  as  one  is  likely 
to  do  when  using  this  form  of  mallet.  The  same  may 
be  said  of  the  electric  mallet  to  a certain  extent,  but  if 
the  plugger  is  handled  so  as  to  simply  play  over  the  sur- 


POWER 


2G1 


face  of  the  gold,  as  it  is  possible  to  do,  and  the  electro- 
mallet  is  allowed  to  do  its  work,  the  filling  will  be  of 
the  same  density  throughout. 

A second  feature  of  the  electric  mallet  is  the  rapidity 
of  its  blows.  Gold  can  be  condensed  by  one  heavy  blow, 
and  it  can  be  just  as  well  condensed  by  a number  of 
light  blows.  The  blow  of  the  electric  mallet  is  ordi- 
narily much,  lighter  than  from  a hand  mallet.  For  this 
reason  the  electric  mallet  can  be  used  upon  thin  walls 
which  would  not  withstand  the  average  blow  from  a 
hand-mallet.  Moreover,  the  blows  following  so  rapidly  in 
succession,  the  plugger  point  may  be  moved  about  over 
the  surface  much  as  one  would  use  a pencil,  with  the  as- 
surance that  the  area  covered  by  it  will  receive  several 
blows  while  so  covered.  It  is  unnecessary  to  set  the 
plugger  down  by  a direct  effort  unless  special  attention 
is  given  to  a certain  point.  The  speed  of  the  elec- 
tric mallet  in  condensing  gold  is  due  to  the  rapidity  of 
its  blows.  In  large  fillings  which  are  easily  accessible 
the  electric  mallet  in  a skillful  hand  will  condense  the 
gold  as  rapidly  as  the  assistant  can  place  it  in  position. 
The  wonderful  operations  of  Marshall  Webb  were  due 
to  the  electric  mallet  in  a skilled  hand. 

Some  people  cannot  withstand  the  blow  of  a hand 
mallet,  especially  if  the  tooth  is  somewhat  sensitive  to 
pressure.  The  electric  mallet  can  be  frequently  used 
in  these  cases  to  advantage.  It  should  not  be  under- 
stood by  this  that  the  electric  mallet  is  without  pain, 
but  the  peculiarity  of  its  blow  is  quite  acceptable  to  some 
people  and  disagreeable  to  others.  Generally,  however, 
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the  electric  mallet  can  be  used  with  less  pain  on  teeth 
sore  to  the  touch  than  the  hand  mallet. 

The  electric  mallet  is  not  one  which  has  a universal 
application,  but  one  which  is  especially  useful  in  large 
and  accessible  cavities.  When  used  in  these  instances 
by  a skillful  hand,  it  will  shorten  the  time  at  least  one- 
third,  and  at  the  same  time  give  a very  dense  and  even 
surface  for  finishing.  Such  a surface  will  be  without 
pits  and  will  retain  a high  polish. 

The  first  electric  mallet  as  above  referred  to  is  shown 
in  Tig.  121.  This  consists  of  a hollow  handle  to  the 
upper  end  of  which  is  stationed  a pair  of  electro-mag- 
nets.  The  armature  upon  the  top  is  of  soft  iron  and 
weighted  at  its  vibrating  end.  The  handle  is  of  vulcan- 
ite and  is  made  hollow  its  entire  length  to  receive 
the  plugger.  This  differs  from  mechanical  mallets  in 
that  the  plugger  handle  and  point"  complete  is  received 
in  the  rubber  handle  so  that  the  same  plugger  may 
also  be  used  with  the  hand  mallet.  The  plugger  used 
in  the  electric  mallet  has  a constriction  near 
the  point  which,  when  the  plugger  is  slipped  in 
the  vulcanite  handle,  receive:  two  diametrically  opposite 
springs.  These  springs  hold  the  plugger  in  the  handle, 
and  at  the  same  time  permit  of  slight  movement  upon 
impact  of  the  armature.  The  length  of  the  handle  is 
so  precise  that  when  the  armature  is  attracted  by  the 
magnets,  it  moves  but  one-eighth  of  an  inch  at  its  free 
end  to  deliver  its  blow  upon  the  plugger  joint,  and  yet, 
in  the  latter  part  of  this  movement,  and  when  about 
to  strike  the  plugger,  it  automatically  breaks  the  cur- 
rent. An  inspection  of  the  mallet  will  show  that  it  is 
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Fig.  121.— Bonwii.Ii  Electric  Mallet. 
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operated  upon  precisely  the  same  principle  as  an  elec- 
tric bell,  except  that  the  current  is  broken  more  sud- 
denly. When  the  armature  is  at  its  greatest  velocity  it 
strikes  the  circuit-breaking  spring,  a point  of  advantage. 
Ordinary  bell  vibrators  simply  leave  a contact  point 
which  follows  the  armature  a short  distance  by  the 
flexibility  of  the  spring  which  supports  the  contact. 


The  Bonwill  mallet  while  intended  originally  as  a 
battery  instrument,  can  with  proper  care  be  operated 
by  the  commercial  one  hundred  and  ten  volt  current. 
In  so  doing  the  greatest  care  must  be  exercised  in  insu- 
lating the  wires  of  the  plugger  from  the  metal  work, 
and  also  as  a further  precaution  to  insulate  the  chair 
from  any  gas  or  water  pipe. 

If  it  be  desired  to  use  a former  battery  mallet  upon 
the  one  hundred  and  ten  volt  current  without  rewinding 
the  magnets,  the  proceedure  should  be  as  follows : Use 
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a fifty  candle-power  lamp  as  a main  resistance,  and  in 
series  with  that  insert  about  thirty  feet  of  twenty-four 
gauge  german-silver  wire,  wound  on  slate  and  placed  in 
a resistance  box  with  about  six  buttons.  Then  connect 
the  plugger  so  as  to  be  in  shunt  with  this  resistance  as 
diagrammatically  shown  in  Fig.  122.  By  so  doing 
there  will  be  no  destructive  spark  as  there  would  be  if 
the  mallet  were  placed  in  series  with  the  main  resistance 
without  a shunt  resistance.  In  the  operation  of  the 
rheostat  as  diagrammed  in  the  figure,  moving  the  lever 
to  the  left  increases  the  blow  of  the  mallet  and  to  the 
right  decreases  it. 

If  the  magnets  were  to  be  rewound  with  ISTo.  34  silk- 
insulated  wire,  a thirty-two  candle-power  lamp  on  each 
side  of  the  rheostat  and  plugger  will  give  the  proper  re- 
sistance, and  at  the  same  time  protect  the  patient  from  a 
heavy  shock  in  case  of  accidental  grounding. 

•The  S.  S.  White  Company  also  supplies  an  electric 
mallet  of  the  Bonwill  pattern,  to  be  operated  by  an  al- 
ternating current.  This  current  is  derived  from  a 
motor  generator  especially  designed  for  the  purpose,  and 
shown  in  Fig.  93.  The  motor  part  is  intended  for  driv- 
ing a dental  engine,  and  the  dynamo  end  for  operating 
the  electric  mallet  and  other  small  electric  appliances. 

About  the  year  1880  an  instrument  under  the  name 
of  the  Gibbs  Electric  Mallet  appeared  upon  the  mar- 
ket, but  for  some  reason  this  never  came  into  general 
use.  It  was  ingenious  and  simple.  The  handle  was 
hollow  and  contained  one  electromagnet,  which  was 
fixed  in  the  lower  end.  In  the  upper  end  was  a soft 
iron  plunger  which  was  drawn  toward  the  electromagnet 


260 


DENT  A L EL  ECTKICITY 


on  closing  the  circuit.  In  so  doing  it  strikes  the  end  of 
a plunger  which  is  movable  through  the  center  of  the 
electromagnet. 

This  plugger  is  very  convenient  to  handle,  inasmuch 
as  it  is  perfectly  round  and  is  not  weighted  at  its  upper 
end  as  is  the  Bonwill. 

The  author,  in  the  following  year,  constructed  an 
electric  mallet,  somewhat  upon  the  same  lines.  The 
principal  point  of  difference,  however,  was  in  the  elec- 
tro-magnetic part.  Instead  of  having  a dead  weight 
for  the  mallet  which  was  unnecessary,  two  very  small 
electromagnets  were  used,  the  first  of  which  was  fixed 


Fig.  123.-  The  Custer  Electric  Mallet. 


and  the  second  movable.  The  arrangement  of  these  is 
shown  in  Fig.  123.  The  magnet  A,  the  fixed  magnet 
is  hollow.  In  this  is  a soft  iron  rod  which  serves 
both  to  hold  the  plugger  joint,  and  as  a core  for  the 
magnet  A.  This  is  free  to  move  in  a length-wise  di- 
rection, and  is  always  kept  protruding  through  the 
magnet  by  means  of  a spiral  spring.  Magnet  B is 
solid  throughout,  but  is  free  to  move  in  the  shell  of  the 
plugger  handle.  A spring  normally  keeps  this  magnet 
about  one-eighth  of  an  inch  from  the  movable  core  of 
magnet  A,  but  when  the  circuit  is  closed  the  two  mag- 
nets attract  one  another  and,  A being  fixed,  B is 
drawn  toward  it  and  striking  upon  the  movable  core 
delivers  its  blow  to  the  plugger  point.  The  two  mag- 
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nets  have  a continuous  circuit  in  series  so  that  the  facing 
poles  attract  one  another.  Just  as  magnet  B is  about 
to  deliver  its  blow,  the  circuit  is  broken  in  the  top  of  the 
plugger,  electric  vibrator  fashion,  when  it  returns  to 


Fig.  125.— Barnes-Skinner  Mallet  with  Battery  Outfit. 


again  close  the  circuit.  The  screw  in  the  end  regulates 
the  strength  of  the  blow. 

A foot-switch  opens  and  closes  the  circuit,  it  being 
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desirable  not  to  complicate  the  plugger  with  this 
device.  Moreover  in  practice  it  seems  more  de- 
sirable to  do  this  with  the  foot  than  with  a button  on 
the  plugger. 

The  Barnes-Skinner  Electric  Mallet  as  shown  in  Fig. 
124  is  a compromise  between  the  Bonwill  and  the  Gibbs, 
and  also  has  features  not  possessed  by  either.  But  one 
electromagnet  is  used  in  its  construction.  This  is  seen 
at  the  top.  Still  beyond  this  as  a cap  to  the  instrument 
is  a soft  iron  armature  which  has  the  mallet  function. 
In  this  respect  it  resembles  the  Gibbs  in  principle,  but 
it  is  an  improvement  in  that  the  mallet  is  free  to  move 
without  any  side  friction  of  consequence.  In  the  Gibbs 
and  in  the  author’s,  the  friction  of  the  movable  part 
upon  the  sides  of  the  casement  would  at  times  affect  the 
blow,  unless  the  operator  would  humor  its  peculiarities. 

The  Barnes-Skinner  Mallet  is  wound  for  battery  use, 
which  we  would  always  recommend  for  the  electric  plug- 
ger because  of  its  safety  from  shocks.  Such  an  outfit  is 
shown  in  Fig.  125. 

When  the  instrument  is  to  be  used  on  the  one  hundred 
and  ten  volt  current  a main  resistance  lamp  is  used,  and 
the  mallet  is  operated  in  shunt  with  another  resistance 
which  is  furnished  in  the  rheostat.  This  is  shown  in 
Fig.  126. 

Too  much  cannot  be  said  as  to  the  importance  of  insu- 
lating the  patient  and  the  chair  from  water  and  gas 
pipes  when  any  electrical  instruments  are  to  be  operated 
by  a commercial  current.  While  there  is  not  much 
danger  of  a fatal  shock  from  any  commercial  current 
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Pig.  126.— Barnes-Skinnek  Mallet  for 


110 A’olt  Current. 


roWER 


271 


used  for  incandescent  lighting,  there  is  always  danger 
of  an  unpleasant  one.  The  shock  that  may  be  received 
from  the  one  hundred  and  ten  volt  constant  current  or 
the  one  hundred  and  four  volt  alternating  current  is 
even  unpleasant  when  connection  is  accidentally  made 
by  the  hand,  but  it  is  much  more  so  if  the  current  is 
received  through  other  parts  of  the  body.  The  lips  and 
teeth  are  nearly  always  wet  and  they  furnish  the  best 
of  conditions  for  making  an  electrical  connection.  They 
are,  moreover,  especially  sensitive  to  electric  currents. 
While  the  commercial  currents  of  even  the  lowest  volt- 
age demand  careful  insulation  of  the  patient  from  any 
possible  grounding,  this  precaution  is  still  more  im- 
portant when  using  the  two  hundred  and  twenty  or 
five  hundred  volt  current  at  the  chair.  There  may  he 
no  direct  metallic  connection  between  the  metal  work  of 
the  chair  and  the  water  pipes,  but  the  column  of  water 
in  the  rubber  tube  which  connects  the  pipes  with  the 
fountain  cuspidor  has  sufficient  carrying  capacity  to 
supply  the  conditions  for  an  electrical  ground.  It  is  the 
practice  of  some  operators  to  burn  gas  instead  of  alco- 
hol at  the  chair,  and  to  conduct  the  same  thereto  by 
means  of  metal  tubing.  The  possibility  of  accidental 
grounding  through  this  source  should  also  be  provided 
against.  It  is  a simple  matter  to  insulate  the  chair 
from  gas  and  water  pipes,  and  a set  of  fiber  bushings 
should  be  used  at  the  fastening  of  the  fountain  cus- 
pidor to  the  chair. 


CHAPTER  VII. 


Heat. 

Iat  taking  up  the  subject  of  electrical  heat,  we  are 
dealing  with  one  which  has  a greater  variety  of  appli- 
cations in  dentistry  than  any  other  electrical  phenom- 
enon. We  are  also  entering  a field  in  which,  if  we  con- 
sider the  importance  of  the  operations  performed,  and 
the  A^alue  of  electricity  in  the  part  which  it  plays  in  these 
operations,  it  is  unequaled  in  any  art  or  science.  We  are 
considering  an  agent  which  on  the  one  hand  will  give  re- 
sults so  accurate  and  so  delicate  as  to  meet  the  most  ex- 
acting of  dental  requirements,  and  on  the  other  hand 
an  agent  which  will  give  the  highest  heat  that  it  is  possi- 
ble for  man  to  obtain.  It  is  indeed  wonderful  when  we 
consider  that  a wire  scarcely  larger  than  a thread  can 
convey  to  the  operating  table  a current  so  delicately 
measured  out  as  to  anesthetize  sensitive  dentine,  or  to 
warm  a tube  for  the  dessication  of  dentine,  and  it  is  still 
more  wonderful  when  Ave  consider  that  along  this  same 
wire  may  Hoav  enough  current  to  melt  platinum,  or  to 
fuse  a porcelain  plate. 

In  considering  the  useful  applications  that  can  be 
made  of  electrical  heat  in  dentistry,  Ave  find  that  at  the 
present  time  there  are  no  less  than  a dozen,  and  two  of 
these  applications  are  of  the  greatest  importance.  For 
years  dentists  have  been  using  impure  and  uncertain 
heat  for  annealing  gold  and  for  fusing  porcelain,  but 

272 


ITEAT 


273 


with  the  advent  of  commercial  electricity  an  agent  is 
found  which  it  would  seem  was  especially  designed  for 
these  two  processes.  While  the  other  dental  uses  that 
are  made  of  electrical  heat  are  not  of  the  high  impor- 
tance of  the  two  just  mentioned,  the  matter  of  cleanli- 
ness, of  simplicity,  and  the  accuracy  of  their  operations 
are  properties  which  recommend  its  adoption  in  den- 
tal practice. 

The  production  of  heat  by  electricity  depends  upon 
two  factors,  the  quantity  or  the  ampere  strength  of  the 
current  flowing,  and  the  resistance  of  the  conducting 
agent.  As  the  quantity  is  increased  the  heating  power 
is  also  increased,  but  this  power  is  not  apparent  until  the 
current  meets  with  some  resistance.  The  unobstructed 
flow  of  any  quantity  of  the  fluid  does  not  produce  heat. 
It  is  only  when  a poor  conductor  of  electricity  is 
placed  in  the  circuit  that  we  have  this  manifestation. 
All  metals  are  comparatively  good  conductors  of  elec- 
tricity, 3ret  these  vary  in  their  conductive  property  as 
shown  in  the  table  on  page  36.  Silver  stands  at  one 
extreme  and  bismuth  at  the  other.  Between  these  two 
stand  all  the  common  metals.  Copper  is  next  to  silver 
in  conductive  property,  and  by  reason  of  its  compara- 
tive cheapness  is  used  in  the  commercial  wiring  for 
electricity.  It  carries  the  current  with  but  little  loss 
in  wasteful  resistance.  For  other  purposes,  as  for  in- 
stance the  cautery,  electric  gold  annealer,  and  oven,  the 
wire  must  possess  both  resistance  and  a high  melting- 
point,  and  platinum  meets  these  requirements  best. 

The  second  factor  which  enters  into  electrical  resist- 
ance is  the  cross-section  of  the  conductor.  With  a 
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given  length  of  wire  the  resistance  increases  as  the 

diameter  of  the  wire  decreases.  That  is,  a small  wire 

has  less  carrying  capacity  than  a large  one,  so  that  when 

the  same  amount  of  current  that  can  be  easilv  con- 

€/ 

ducted  by  a large  wire  is  forced  through  a small  one, 
the  condensation,  we  will  term  it,  produces  heat.  We 
therefore  see  that  with  the  same  quantity  of  electricity 
at  a given  pressure,  heat  is  produced  according  to  the 
resistance  of  the  conducting  agent. 

THE  ELECTRIC  GOLD  AHNEALEK. 

In  annealing  gold  as  this  daily  performance  is  errone- 
ously called,  it  is  customary  to  pass  the  gold  through  an 
alcohol  or  gas  flame  till  it  assumes  more  or  less  of  a red 
heat.  The  object  of  this  procedure  is  not  to  anneal  the 
gold,  for  that  was  done  by  the  manufacturer,  but  to  drive 
off  the  gases  that  are  condensed  upon  the  surface,  or 
perhaps  are  occluded  within  it,  principal  of  which  is 
ammonia.  This  operation  is  usually  performed  by  the 
dentist’s  picking  up  a piece  of  gold  with  a pair  of 
tweezers  and  passing  it  through  the  flame  of  a lamp. 
And  it  is  a common  practice  even  in  dental  clinics  by 
dentists  of  high  reputation  to  use  a pair  of  foil  tweezers 
whose  points  are  as  large  as  the  pellet  itself.  They 
grasp  the  gold  with  these  points,  covering  at  least  one- 
third  of  the  pellet,  then  pass  it  back  and  forth  through 
the  flame  till  the  edges  begin  to  melt  and  fuse  together. 
It  is  necessary  to  do  this  in  order  that  the  part  between 
the  tweezer  points  be  brought  to  the  proper  heat.  Or.  if 
the  free  edges  of  the  pellet  are  properly  annealed,  that 
part  between  the  tweezers  cannot  possibly  be.  Vet,  such 
a piece  of  gold,  even  in  a half-annealed  condition,  or 
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with  its  edges  a fused  mass,  will  be  cohesive  enough  to 
adhere  for  the  time  being.  Later  on,  however,  such  a 
filling  will  flake  off,  and  especially  if  any  strain  isi 
brought  to  bear  upon  it.  The  strongest  fillings  are 
those  in  which  each  layer  of  gold  is  fully  annealed  with- 
out at  the  same  time  fusing  the  edges  into  a thick  rim. 
It  might  be  stated  without  error  that  while  it  is  possible 
to  perfectly  anneal  a pellet  over  a flame,  by  taking  it 
up  twice  in  the  pliers,  having  turned  it  end  for  end, 
that  is  not  the  practice.  The  nearest  approach  of  the 
best  operators  to'  this  is  by  using  the  most  delicate 
tweezers  obtainable,  and  holding  the  pellet  of  gold  above 
the  flame  at  such  a height  that  the  heat  is  broadly  and 
evenly  distributed  and  until  it  is  brought  to  a dull  red 
throughout.  This  requires  time  and  the  utmost  care. 
It  is  said  that  a chain  is  no  stronger  than  its  weakest 
link,  and  so  it  is  with  a gold  filling;  it  is  no  stronger 
than  the  most  defective  piece  of  annealed  gold  in  the 
contour.  A single  piece  of  carelessly  annealed  gold  will 
be  fatal  to  a contour  even  if  every  other  piece  has  been 
ideally  annealed. 

The  second  objection  to  the  flame  for  annealing  is  the 
small  area  of  the  heat  and  the  inequality  of  the  same. 
If  each  piece  is  to  be  properly  annealed,  the  greatest 
care  must  be  given  to  each  annealing.  This  requires 
an  amount  of  time  that  is  no  small  factor  in  the  opera- 
tion. 

The  third  objection  to  the  flame  is  the  liability  to 
contaminate  the  gold  with  the  unconsumed  gases  or  the 
by-products  of  combustion.  If  the  gold  were  to  be  care- 
lessly introduced  in  the  lower  part  of  the  flame,  it  would 
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be  subjected  to  the  influence  of  the  vaporized  alcohol; 
or  if  it  were  to  be  placed  in  the  upper  part  it  would  be-  - 
come  coated  to  a certain  extent  with  the  products  of  com- 
bustion. In  spite  of  these  two  faults  of  flame  annealing, 
the  gold  will,  however,  be  made  sufficiently  cohesive  to 
answer  all  purposes  so  far  as  the  building  up  of  the  fill- 
ing is  concerned.  It  will  not  be,  however,  till  strain  is 
brought  upon  the  gold  that  the  defects  produced  by  the 
impurities  of  the  flame  show  themselves.  Fillings 
which  are  built  up  of  gas-contaminated  gold  show  a 
tendency  toward  disintegration  throughout,  while  a 
filling  made  up  of  cleanly  annealed  gold,  but  with  an 
occasional  piece  over  or  under  annealed,  will  flake  off  in 
large  pieces,  or  perhaps  a whole  contour  will  come  off 
in  one  piece. 

It  is  true  that  perfect  fillings  have  been  made  ever 
since  the  discovery  of  the  cohesive  property  of  gold, 
but  these  have  been  made  only  by  the  most  careful  and 
accurate  methods  of  annealing,  methods  which  have  be- 
come a habit  of  the  operator.  On  the  other  hand  the 
failure  of  nearly  every  filling  bv  the  loss  of  the  contour, 
or  by  the  flaking  from  a plain  surface  is  due  to  bad  an- 
nealing. Many  an  operator  lays  the  blame  for  these 
things,  and  the  harshness  as  it  is  sometimes  called,  upon 
the  gold,  and  its  manufacturer,  when  as  a matter  of  fact 
the  fault  was  all  his  own.  He  failed  to  perceive  that  he 
was  melting  the  gold  upon  one  edge,  and  not  annealing 
it  at  the  other,  so  that  any  kind  of  malleting,  however 
perfect,  could  never  bring  these  pieces  into  a thor- 
oughly cohesive  contact  of  sufficient  strength  for  ordi- 
nary service. 
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The  amount  of  time  consumed  in  annealing  gold  by 
the  old  process,  is  a considerable  part  of  the  operation, 
especially  if  the  amount  of  care  is  observed  that  the  im- 
portance of  this  step  calls  for.  If  this  work  is  not  done 
by  an  assistant,  it  necessitates  changing  the  plugger  for 
pliers  and  back  again  for  each  piece  of  gold,  as  well  as 
the  time  consumed  in  the  annealing  proper. 


Fig.  127.  -Custer  Et.ectric  Goud  Axxeat.er. 

In  order  to  overcome  these  common  faults  of  the 
flame  annealing  of  gold,  the  author  in  1890  invented  an 
electric  appliance  for  this  purpose.  This  in  the  course 
of  time  appeared  upon  the  market  in  (lie  form  illus- 
trated in  Fig.  127.  It  consists  of  a tray  of  vitrified  fire- 
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clay  through  which  are  distributed  fine  wires  of  plati- 
num by  which  the  tray  is  heated.  The  tray  is  mounted 
in  a mahogany  frame,  the  purpose  of  which  is  to  act  as 
a rest  upon  which  to  steady  the  hand  while  taking  up  the 
gold.  The  wiring  is  so  proportioned  as  to  take  up  the 
full  pressure  of  the  current  and  to  produce  heat  enough 
to  develop  the  highest  cohesiveness  of  the  heaviest  foils. 


If,  however,  less  heat  is  desired  for  annealing  the  de 
Trey  gold,  or  to  develop  only  semi-cohesiveness  for  cerv- 
ical portions  of  the  cavity;  or  if  a very  little  heat  is  de- 
sired for  softening  gutta  percha  upon  the  cover  which  ac- 
companies the  annealer,  an  enamel  rheostat  such  as  is 
used  for  regulating  the  dental  engine,  or  which  can  be 
had  of  the  Ward  Leonard  Company,  of  Xew  York,  will 
reduce  the  heat  to  any  desired  degree. 

The  rheostat  is  usually  of  one-sixth  horse-power  ca- 
pacity and  it  will  he  found  to  be  of  service  for  regulat- 
ing other  dental  instruments  as  well. 

The  annealer  is  wound  for  all  voltages  up  to  two 
hundred  and  twenty,  and  can  be  used  on  either  the  direct 
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or  alternating  current.  In  a general  way  it  may  be 
stated  that  the  instrument  will  operate  satisfactorily  on 
any  current  used  for  incandescent  lighting;. 

t/  o o 

The  advantages  of  the  electric  gold  annealer  are  many 
and  of  considerable  value.  Probably  the  most  import- 
ant feature  is  the  purity  of  the  heat.  This  is  derived 
from  a platinum  wire  which  is  electrically  heated.  Plati- 
num itself  is  a noble  metal,  it  is  not  oxidized  by  the  heat, 
and  it  emits  neither  vapor  nor  odor.  Platinum  is  the 
chemist’s  material  indestructible.  The  wire  being  elec- 
trically heated  there  is  a complete  absence  of  any  gases 
either  consumed  or  unconsumed.  The  heat  of  the  elec- 
tric gold  annealer  is  absolutely  free  from  the  products  of 
combustion.  It  is  a radiated  heat  and  being  radiated 
from  a noble  metal,  is  absolutely  pure.  When  gold  is 
annealed  on  an  electric  annealer  it  is  put  into  a condi- 
tion of  absolute  purity.  It  is  customary  in  the  practical 
use  of  the  annealer  to  allow  the  gold  to  remain  on  the 
tray  for  some  time,  which  insures  complete  driving  off 
of  the  contaminating  gases. 

The  second  feature  of  importance  is  the  even  anneal- 
ing of  the  gold.  The  tray  is  so  wired  that  a perfectly 
even  heat  is  maintained  all  over  the  surface.  It  is  not 
generally  known  that  an  equal  distribution  of  wire  in 
electrical  heating,  even  in  an  enclosed  cavity,  will  not 
produce  an  even  heat  in  the  oven  cavity.  There  is  a 
tendency  of  the  heat  to  accumulate  in  the  center,  and 
to  overcome  this  defect  the  author  devised  and  patented 
a system  of  wiring  whereby  a perfectly  even  heat  can  be 
obtained  in  electrical  heating  surfaces  which  are  not 
true  spheres  in  shape.  This  system  is  employed  in 


280 


DENTAL  ELECTRICITY 


both  the  annealer  and  electrical  oven.  The  annealer 
is  so  constructed  as  to  present  a system  in  which  the 
wires  are  arranged  in  a geometrically  decreasing  dis- 
tance apart  as  they  are  distant  from  the  center  of  the 
tray.  In  this  manner  the  wires  in  the  outer  edges  of  the 
tray  liberate  much  more  heat  than  in  the  center,  but  the 
circulation  of  the  heat  from  without  inwards,  compen- 
sates for  the  lesser  radiation  of  heat  in  the  middle  of 
the  tray.  This  method  of  wiring  produces  a perfectly 
even  heat  on  all  parts  of  the  tray  so  that  no  matter 
where  the  gold  is  placed  thereon,  it  will  receive  the 
same  degree  of  heat. 

The  third  feature  is  the  thorough  annealing  through- 
out the  pellet.  It  is  customary  in  using  the  electric 
annealer  to  prepare  the  gold  upon  the  tray  before  ad- 
justing the  rubber,  and  about  two  minutes  before  the 
gold  will  be  required  the  current  is  turned  on.  The 
heat  quickly  rises  and  the  pellet  is  at  the  same  time 
being  heated,  so  that  when  it  is  to  be  used  it  has  the 
same  temperature  throughout,  and  the  gases  have  had 
time  to  escape.  After  this  the  gold  remains  the  same 
for  hours,  in  fact  as  long  as  the  current  is  flowing  in 
the  annealer. 

The  annealer  is  so  carefully  wired  for  the  respective 
current  for  which  it  is  intended  that  the  heat  rises  only  a 
little  beyond  the  limit  at  which  the  highest  cohesiveness 
is  developed,  or  about  four  hundred  degrees  Fahr. 
When  gold  is  annealed  over  a flame  it  is  frequently  cus- 
tomary to  bring  it  to  a cherry  red.  This  is  not  neces- 
sary for  the  part  of  the  gold  which  assumes  that  color, 
but  for  the  part  between  the  tweezer  points.  The  cohe- 
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sive  property  of  ordinary  gold  foil  shows  itself  at  about 
two  hundred  and  fifty  degrees  Fahr.,  and  this  cohesive- 
ness is  increased  from  that  point  up  to  about  three  hun- 
dred and  seventy-live  degrees  Fahr.,  after  which  nothing 
is  gained.  This  heat  is  not  high  enough  to  become  visi- 
ble, and  many  dentists  upon  observing  the  gold  would  he 
of  the  impression  that  it  could  not  be  thoroughly  an- 
nealed, but  clinical  use  of  it  shows  it  to  be  most  highly 
cohesive.  Moreover  the  heat  not  being  excessive,  the 
gold  may  be  subjected  to  it  for  hours  at  a time,  and  not 
be  injured  in  the  least  thereby.  For  this  reason  no 
special  carO  need  be  exercised  in  the  preparation  of  just 
enough  gold  for  a particular  cavity,  as  any  remaining 
gold  can  be  covered  up  and  used  equally  well  for  tho 
next  filling. 

The  electrical  annealer  has  not  yet  reached  a univer- 
sal application  and  like  many  electrical  instruments 
never  will,  but  nearly  all  those  who  have  used  it,  speak 
of  electrically  annealed  gold  as  possessing  almost  a new 
property.  Prof.  C.  X.  Johnson  in  his  article  upon 
annealing  gold,  says  of  this  as  follows: 

“But  the  most  perfect  method  yet  suggested  is 
through  the  medium  of  the  electric  gold  annealer  de- 
vised by  Dr.  L.  E.  Custer,  of  Dayton,  Ohio.  With  this 
appliance  complete  uniformity  of  result  is  obtained  in 
the  most  convenient  and  ready  rnanner,  and  with  no 
liability  of  contamination.  Even  to  operators  who  have 
been  accomplishing  apparently  satisfactory  results  by 
other  means,  this  appliance  will  soon  reveal  a working 
quality  to  the.  gold  which  seems  impossible  of  attain- 
ment in  an}r  other  way,  and  it  is  confidently  believed 
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that  its  general  adoption  by  the  profession  would  dis- 
arm much  of  the  criticism  which  is  occasionally  waged 
against  the  manufacturers  of  gold  on  the  plea  of  lack  of 
uniformity  in  preparation.  The  only  procedure  neces- 
sary is  to  place  the  pellets  in  a convenient  arrangement 
on  the  annealer  and  turn  on  the  current,  which  may  be 
allowed  to  run  to  the  end  of  the  operation.  Xo  matter 
how  long  the  current  is  on,  there  is  no  overheating  of  the 
gold.  It  simply  anneals  perfectly,  without  ever  fusing 
any  of  the  layers  of  the  pellets  together.” 

The  last  feature  to  deserve  attention  is  the  economy 
of  time  and  expense  in  operating  the  electric  annealer. 
The  surface  of  the  tray  is  of  hard  baked  fire-clay, 
which  is  naturally  rough,  and  as  a further  aid  the 
surface  is  ribbed.  The  object  of  this  is  to  prevent 
the  pieces  of  gold  from  jarring  together,  and  also  to  aid 
in  picking  them  up.  The  operator  in  a short  time 
acquires  the  practice  of  picking  the  gold  from 
the  tray  with  the  same  plugger  point  that  he  is 
using.  This  can  be  so  dexterously  done  that  the  temper 
of  even  the  smallest  point  will  not  be  injured  thereby. 
For  this  reason  a vast  amount  of  time  is  saved  as  com- 
pared with  the  method  of  picking  up  the  gold  with 
tweezers  and  exchanging  instruments  both  ways  in  so 
doing.  Moreover  the  time  consumed  in  passing 
through  the  flame  is  entirely  done  away  with.  The  ex- 
pense of  operating  the  electric  annealer  is  very  much 
less  than  that  of  an  alcohol  lamp,  so  that  in  point  of 
economy  in  operation,  the  electric  annealer  also  has  the 
advantage. 
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THE  ELECTRIC  OVEN. 

Perhaps  of  all  the  applications  of  electric  energy  in 
dental  practice  no  one  is  so  important  as  that  of  fusing 
porcelain.  It  solves  the  difficulties  that  have  attended 
porcelain  work  from  its  very  beginning.  The  invention 
of  the  electric  oven  marks  the  beginning  of  modern 
porcelain  work  in  dentistry,  and  it  was  immediately 
adopted  by  the  profession  for  reasons  that  are  obvious. 
There  was  not,  up  to  that  time,  an  absolutely  certain 
method  of  fusing  porcelain.  With  the  appliances  then 
in  use  it  was'  a matter  of  considerable  guess  work,  and 
even  the  most  skilled  always  worked  with  more  or  less 
misgivings,  which  gradually  grew  into  a state  of  con- 
tinual anxiety,  as  the  case  neared  completion. 

Gas  and  oil  furnaces  were  devised  for  porcelain  work, 
but  while  they  were  more  easily  operated  and  con- 
sumed less  space  and  fuel,  they  never  produced  the  clear- 
ness of  results  that  characterized  a piece  properly  baked 
in  an  anthracite  coal  oven,  so  that  the  prosthetic  dentist 
was  ready  to  accept  the  new  invention  with  some  en- 
thusiasm. 

The  electric  oven  made  the  fusing  of  porcelain  such 
a simple  process  that  there  was  a revival  of  interest  in 
this  work,  and  it  may  be  said  to-  be  the  foundation  and 
beginning  of  modern  porcelain  art.  Up  to  the  time  of 
the  invention  of  the  electric  oven,  porcelain  work,  and 
especially  the  construction  of  full  cases,  was  carried  on 
by  the  few  who  made  dental  ceramics  a specialty.  The 
many  difficulties  and  uncertainties  attending  the  heat, 
made  porcelain  work  a formidable  method  of  practice. 
The  first  ovens  were  large  and  dirty  affairs.  This  was 
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true  to  such  an  extent  that  the  oven  was  usually  placed 
in  the  cellar  of  the  house  or  in  an  out-building.  These 
ovens  were  frequently  as  large  as  an  ordinary  bookcase, 
so  that  the  space  occupied  was  no  small  consideration. 

The  principal  objection  to  this  style  of  oven  was  the 
time  consumed  in  obtaining  a heat  into  which  it  was 
suitable  to  introduce  the  porcelain.  Since  porcelain  is 
easily  affected  by  gases  of  any  kind  which  would  find 
their  way  through  the  walls  of  the  muffle,  it  was  neces- 
sary in  the  use  of  this  kind  of  an  oven  to  completely  burn 
the  gases  off  before  introducing  the  piece.  For  this  rea- 
son the  fire  must  burn  some  hours  before  it  would  be 
safe  to  begin  the  fusing  of  porcelain.  In  the  meantime 
the  apartment  itself  was  becoming  so  uncomfortably 
warm  that  the  dentist  found  himself  in  no  condition  to 
see  patients,  nor  was  it  allowable  for  him  to  do  so  at  this 
time.  As  a matter  of  fact,  he  must  shut  himself  up 
with  the  oven  till  his  case  was  finally  finished,  the  incon- 
venience of  which  only  the  older  practitioners  are 
familiar  with. 

In  baking  a piece  of  continuous  gum  in  one  of  these, 
there  were  always  so  many  uncertainties  that  the  den- 
tist was  uneasy  from  beginning  to  end.  The  muffle  in 
which  the  cases  are  baked  would  sometimes  break  and 
ruin  the  whole  piece.  The  occasional  gassing  of  a piece, 
the  movement  of  teeth  by  the  jar  of  introducing  or  re- 
moving a case  from  the  muffle,  and  the  too  sudden  chill 
of  the  case  when  putting  it  into  the  annealing  muffle,  as 
must  be  done  when  using  these  ovens,  were  but  minor 
troubles  attending  these  old  forms. 

The  difficulty  of  observing  the  fusing  process  was 


HEAT 


285 


always  present,  and  yet  the  experienced  dentist  did  this 
wonderfully  well.  He  was  contending  with  a large 
volume  of  heat  and  his  piece  being  heated  to  the  same 
degree,  made  its  observation  a difficult  matter.  It  was 
even  hard  to  make  out  the  piece,  much  more  tell  the  exact 
state  of  the  fusion.  Experience,  however,  taught  him 
to  gauge  the  general  heat  with  his  eye,  which  was  usu- 
ally well  done  considering  the  difficulties.  The  artful 
one,  however,  in  some  cases  would  introduce  a cold  iron 
rod  over  the  plate,  which  would  cast  a shadow  thereon 
and  aid  in  telling  the  degree  of  fusion. 

A case  fused  in  this  form  of  oven  must  be  slowly  in- 
troduced. It  is  in  this  way  that  its  heat  is  gradually 
raised.  The  dentist  here  deals  with  a fixed  heat  and 
his  only  method  of  increasing  or  decreasing  the  heat  of 
his  plate  is  to  slowly  introduce  it  into  the  oven,  and 
when  the  case  is  fused  he  must  carefully  remove  the 
same  to  an  annealing  muffle,  where  it  is  allowed  to  slowly 
cool.  How  different  is  the  electric  oven  where  the  touch 
of  a button  does  it  all ! 

Xot  only  is  the  fusing  of  a continuous  gum  case  in  a 
coal  oven  fraught  with  difficulties  and  uncertainties, 
but  the  whole  process  is  one  which  keeps  the  dentist  in 
a state  of  anxiety  from  beginning  to  end. 

The  gas  and  oil  furnaces  which  were  put  upon  the 
market  out  of  the  demand  for  a simpler  and  cleaner 
method  for  fusing  porcelain,  while  they  were  smaller, 
cleaner,  and  perhaps  more  economical  in  their  opera- 
tion, did  not  meet  the  most  exact  requirements  of  the 
continuous  gum  worker  in  that  they  did  not  produce  a 
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perfectly  clean  and  pure  lieat ; moreover,  by  a contrary 
nature  of  things,  those  which  did  produce  a reliably 
clean  heat  did  not  give  one  high  enough  for  fusing  the 
higher  fusing  porcelains.  The  value  of  the  invention 
of  the  electric  oven  is  spoken  of  editorially  in  the  Ohio 
Dental  J ournal  as  follows : 

“The  invention  is  a surprise  to  everybody. 

“Think  of  placing  a continuous  gum  case  in  the  fur- 
nace, setting  your  time  regulator,  pressing  a button  to 
turn  on  the  electric  current,  and  then  going  about  your 
other  business ; for  the  furnace  will  take  care  of  itself. 
The  heat  is  gradually  raised  by  means  of  an  appliance 
arranged  for  the  purpose,  and  when  the  body  fuses  the 
current  is  automatically  cut  off.  The  case  is  thus  prop- 
erly baked  while  you  are  working  at  the  chair. 

“Can  you  imagine  anything  more  perfect  ? 

“If  you  jirefer  watching  the  process  you  can  do  so ; 
indeed,  the  furnace  is  so  small  and  neatly  arranged 
that  it  can  be  placed  on  the  cabinet  beside  the  dental 
chair,  and  the  fusing  watched  while  operating. 

“Aside  from  the  baking  of  continuous  gum  it  opens  a 
field  of  usefulness  in  other  ways.  The  Parmlev  Brown 
system  of  crown  and  bridge  work  is  simplified ; and  the 
making  of  porcelain  crowns  made  easier.  At  a glance  it- 
is  difficult  to  fully  realize  the  many  advantages  this 
furnace  offers,  or  to  comprehend  its  workings  without 
seeing  the  appliance.  Doctor  Custer  has  revolution- 
ized dentistry  so  far  as  electrical  apparatus  are  con- 
cerned, and  we  may  add  that  the  end  is  not  yet.” 

The  Dental  Register  says:  “This  is  one  of  the 

bright  stars  in  the  galaxy  of  1894,  the  discovery  of  a 
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method  of  baking  porcelain  by  electricity;  it  is  not  in- 
ferior in  any  way  to  other  great  discoveries  in  elec- 
tricity by  men  who  are  known  the  world  over.” 

The  electric  oven  was  invented  by  the  author  in  1894. 
While  the  electric  annealer  was  the  forerunner  of  this, 
it  was  not  until  that  date  that  the  oven  appeared  in  prac- 
tical form.  The  principle  is  the  same  in  both.  If  an 
electric  annealer  were  to  be  bent  in  the  form  of  a 
muffle,  it  would  become  an  electric  oven.  The  author 
may  be  pardoned  for  going  somewhat  into  the  detail  of 
the  invention  of  the  electric  oven,  because  of  the  general 
usurpation  of  the  invention  by  unscrupulous  manufac- 
turers. Every  detail  of  the  oven  of  value  was  immedi- 
ately patented,  for  the  purpose  of  establishing  a perma- 
nent record,  and  of  protecting  the  users  of  the  oven 
against  rascally  competition,  which  we  knew  would  soon 
grow  up.  And  so  it  did.  Even  the  priority  of  the 
invention  was  first  attacked,  but  this,  at  the  request  of 
the  author,  was  investigated  and  settled  by  a committee 
from  the  American  Dental  Association,  which  rendered 
the  following : 

“After  a careful  and  impartial  investigation  of  all  the 
evidence  obtainable,  we  find  that  the  first  practical  and 
public  demonstration  of  the  electric  oven  for  fusing 
porcelain  crown  and  continuous  gum  dentures  occurred 
in  the  office  of  Dr.  L.  P.  Haskell  in  the  month  of  Octo- 
ber, 1894.  Dr.  L.  E.  Custer  using  an  electric  oven  of 
his  own  invention  and  construction,  did  then  and  there 
fuse  a practical  case  for  Doctor  Haskell.  Furthermore 
we  find  that  Doctor  Custer  did  fuse  porcelain  by  elec- 
tricity early  in  the  year  1889,  while  conducting  some 
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experiments  with  an  electric  gold  annealer,  thereby  an- 
tedating any  previous  record  on  this  subject. 

The  committee  believe  that  Dr.  L.  E.  Custer  was  the 
first  one  to  practically  fuse  porcelain  in  an  electric  oven, 
and  recommend  that  this  Association  accord  him  that 
honor.”  Signed , 

Erank  Holland, 

J.  Bond  Littig, 

G.  Molyneaun. 

Others  were  at  work  along  the  same  line,  but  it  was 
clearly  shown  that  it  was  not  until  some  six  months  after 
the  author  successfully  fused  the  case  of  continuous  gum 
in  Doctor  Haskell’s  laboratory  in  Chicago,  and  not 
until  three  months  after  the  entire  process  was  de- 
scribed and  shown  before  the  Ohio  State  Dental  Society, 
that  another  oven  appeared. 

The  methods  employed  by  one  of  the  first  infringers, 
Dr.  IT.  C.  McBriar,  were  so  bold  and  unscrupulous  that 
inasmuch  as  many  dentists,  and  even  one  editor,  were 
made  to  believe  that  this  felloAV  had  actually  invented 
the  oven,  we  therefore  expose  this  scheme  for  the  sake 
of  the  truth.  The  author  demonstrated  the  oven  before 
the  Hew  York  Odontological  Society  in  January,  1S95. 
and  also  at  the  clinic  the  following  month.  Doctor 
McBriar  was  present  at  the  clinic  and  an  interested  spec- 
tator. All  his  questions  as  to  the  construction  of  the 
oven  were  freely  answered  and  on  his  return  home  he 
undertook  the  construction  of  an  oven  for  his  own  use, 
and  even  wrote  the  author  for  additional  data,  which 
were  cheerfully  furnished  him,  supposing  him  to  be  a 
professional  dentist  with  the  usual  allowance  of  honor 
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and  self-respect.  lie  succeeded  so  well  in  his  undertak- 
ing that  lie  apparently  became  possessed  with  the  idea 
that  he  could  modify  the  oven  enough  to  obtain  a patent 
and  manufacture  the  same.  To  this  end  he  showed  a 
modified  form  at  a dental  meeting  in  Asbury  Park  the 
following  August,  but  the  same  was  not  practically  oper- 
ated there.  He  applied  for  a patent  thereon,  and  in 
so  doing  he  met  with  a patent  Ho.  419,282,  entitled 
‘‘electric  steam  generator”  for  the  electrical  heating  of 
houses,  which  applied  to  the  very  part  in  which  he  had 
departed  from  the  author’s  for  the  sake  of  showing  a 
little  originality.  lie  bought  the  conflicting  patent 
and  tried  to  make  the  oven  under  it,  but  this  was  not 
found  to  be  a success ; the  more  nearly  he  conformed  to 
the  patent  the  farther  he  got  from  an  efficient  oven.  At 
about  this  time  Hr.  E.  Parmley  Brown,  of  Hew  York, 
secured  one  of  the  author’s  ovens,  Ho.  17,  which  as  a 
matter  of  record,  was  the  same  one  that  the  author  had 
used  in  a demonstration  before  the  Tri-State  Dental 
Society,  at  Detroit,  in  August,  1895.  Through  some 
arrangement,  Dr.  C.  A.  Timmie,  then  o-f  Hew  York 
secured  this  oven  from  Doctor  Brown  to  demonstrate  in 
Germany.  Upon  his  return,  in  conjunction  with  Doc- 
tor McBriar,  they  took  the  oven  apart.  Doctor  Mc- 
Briar,  using  his  electrical  knowledge,  supplied  Doctor 
Timmie  with  the  necessary  instruction  for  the  latter  to 
manufacture  in  Germany,  and  as  a reward  to 
AlcBriar,  he  was  allowed  to  bring  a collusion  suit  be- 
tween himself  and  Timmie  for  advertising  purposes. 
The  records  of  this  suit  were  investigated  and  nowhere 
in  them  was  found  any  reference  to  the  Custer  oven,  or 
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its  users,  yet  it  was  so  advertised  in  one  journal,  and 
for  a single  issue  only,  when  they  found  themselves  to 
be  liable  for  damages.  It,  however,  had  the  adver- 
tising effect  for  which  they  were  aiming.  Mc- 
Briar,  by  this  time,  had  found  that  the  patent 
under  which  he  was  sailing,  if  adhered  to,  would 
not  meet  the  requirements,  but  having  purchased 
it,  he  still  used  it  for  advertising  purposes,  although 
making  an  exact  duplicate  of  the  Custer  oven,  Xo.  17. 
As  a further  matter  of  record  the  editor  of  “Bichard- 
son’s  Mechanical  Dentistry”  describes  and  gives  Mc- 
Briar  credit  for  the  invention  of  the  electric  oven,  when 
as  an  absolute  fact  the  very  cut  used  in  illustrating  the 
article  was  taken  from  the  author’s  oven,  Xo.  17. 
When  Doctor  Warren  was  called  to  time  for  this  misrep- 
resentation of  facts,  he  gave  as  his  excuse  that  the  author 
when  demonstrating  before  the  Academy  of  Stomotology 
as  the  editor  of  the  above-mentioned  text-book,  had  not 
shown  him  the  proper  attention,  and  therefore  he 
chose  to  give  McBriar  the  credit  for  the  electric  oven. 
The  article  is  principally  a reprint  from  McBriar's 
printed  circulars.  At  the  close  of  the  author’s  demon- 
stration at  the  Philadelphia  meeting,  a great  many 
questions  were  asked  and  not  all  could  be  answered  at 
once,  and  yet  no  discourtesy  to  Doctor  Warren  was  in- 
tended. 

The  whole  question  of  the  value  of  the  patent,  which 
McBriar  was  using  for  advertising  purposes  for  dental 
ovens,  hinges  on  this:  If  of  any  value,  why  had 

the  electric  oven  been  withheld  from  the  dental  pro- 
fession from  1891  till  1894,  when  the  author  invented 
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his  ? The  dental  profession  should  have  had  the  electric 
oven  in  1891,  when  O’Mera,  for  he  is  the  inventor  of 
McBriar’s  patent  took  out  his  patent  for  “electric 
steam  generators.”  This  patent,  by  way  of  further  ex- 
planation relates  to  the  healing  of  houses  and  controlling 
the  heat  by  means  of  a rheostat  in  the  living  room,  and 
has  nothing  to  do  with  electric  ovens.  But  it  answered 
for  advertising  purposes. 

The  foregoing  is  but  one  illustration  of  the  unprin- 
cipled competition  with  which  all  inventors  and  manu- 
facturers have  to  deal. 

The  form  of  the  oven  invented  by  the  author  was  a 
departure  from  the  usual  muffle-shaped  ovens.  This 
was  for  the  reason  that  we  were  no  longer  dealing  with 
heat  derived  from  a flame  or  a bed  of  coals  in  the  midst 
of  which  the  baking  was  always  done.  In  the  construc- 
tion of  the  electric  oven,  the  heat  is  generated  in  the 
walls  of  the  muffle  and  the  walls  are  given  a shape  to 
conform  to  the  outline  of  the  piece  treated,  for  the  im- 
portant purposes  of  producing  an  even  heat  for  the  case, 
and  for  economy.  This  was  a radical  departure  from 
other  ovens  and  it  took  some  time  before  it  was  fully 
comprehended  that  it  was  in  keeping  with  the  conditions 
met  with  in  the  new  methods  of  heating.  In  the  old 
method  for  full  cases  it  was  customary  to  manipulate  the 
case  in  the  presence  of  the  heat,  whereas,  in  the  new  it 
is  the  method  to  manipulate  the  heat  and  it  is  not  neces- 
sary to  move  the  case  from  the  beginning  to  the  end. 
For  this  reason  the  oven  may  be  made  of  a form  and 
just  large  enough  to  contain  the  case.  For  electrical 
considerations  it  is  divided  into  two  halves,  the  wiring 
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of  each  of  which  in  the  full  case  size,  is  an  exact  dupli- 
cate of  the  -other.  In  the  crown  and  bridge  size  the 
line  of  division  for  the  sake  of  convenience  is  placed 
flush  with  the  bottom  so  as  to  present  a plain  surface 
and  facilitate  the  placing  of  the  most,  delicately  con- 
structed crown  or  bridge.  In  this  the  wiring  of  the  top 
of  the  upper  half  is  a duplicate  of  the  floor,  and  thd 
wiring  of  the  side  walls  is  perpendicularly  arranged. 

It  was  difficult  for  the  older  practitioners  to  fully  real- 
ize that  in  the  baking  of  a piece  in  an  electric  oven  it  was 
so  simple  a process  as  placing  the  piece  in  the  oven,  turn- 
ing on  the  current  till  it  was  fused,  and  leaving  the 
piece  in  the  oven  to  cool  and  temper.  They  held  the 
belief  that  it  should  be  placed  in  a muffle  to  cool.  To 
meet  this  idea  some  of  the  ovens  are  cut  down  in  front 
so  as  to  facilitate  the  removal  of  the  piece.  The  author, 
however,  from  his  experience,  is  of  the  opinion  that 
there  is  no  necessity  for  removing  the  piece  from  the 
oven  till  it  can  be  done  with  the  bare  band.  The  heat 
goes  down  so  quickly  after  turning  the  current  off  that 
there  is  no  danger  of  overfusing  and  no  necessity  for 
removing  the  case.  Moreover,  the  claim  is  made  that 
the  oven  itself  is  the  best  annealing  oven  that  can  be 
had,  and  that  a piece  which  is  allowed  to  remain  in  the 
oven  till  cool  will  be  of  much  finer  temper  than  one 
which  has  been  removed  to  an  annealing  oven.  For 
this  reason  the  oven  recommended  as  giving  the  most 
satisfactory  results  is  the  form  illustrated  in  Fig.  136. 
Its  wiring  is  simple  and  the  front  and  rear  openings 
are  in  the  best  possible  positions  for  observing  the  case. 

The  outer  easing  is  of  iron  which  has  inwardly  pro- 
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jeering  lugs  for  holding  the  clay  lining  on  the  inner 
surface  of  which  are  strung  the  wires.  These  are  elec- 
trically heated  and  are  the  esential  part  of  the  oven,  and 
it  is  to  this  that  we  shall  give  more  special  attention. 
The  wire  is  of  the  following  dimensions,  to  consume 
the  current  at  one  hundred  and  ten  volts:  Tor  the 

small  oven,  sixteen  feet  of  .014  to  .015  gauge;  for  the 
large  oven  the  same  in  each  section ; for  the  extra  large, 
seventeen  feet  of  .01 G to  .017  in  each  section,  the  large 
end  being  for  the  negative  connection  when  used  on  the 
constant  current.  If  the  oven  is  to  he  used  on  the  alter- 
nating current,  although  it  is  not  recommended,  the 
wire  should  be  of  the  same  size  throughout,  .015  in  the 
small  oven  and  .017  in  the  large  ovens.  When  used  on 
the  fifty-two  volt  current  connections  are  also  made  in 
the  middle  of  each  length. 

The  first  thing  to  he  borne  in  mind  is  that  the  melting 
point  of  the  heat-giving  wire  is  hut  little  higher  than 
the  porcelain  which  is  to  he  fused,  and  yet  it  is  within 
this  narrow  margin  that  we  are  working.  It  is  there- 
fore important  to  take  advantage  of  all  the  conditions 
that  will  tend  to  secure  the  fullest  and  most  rapid  effect 
of  the  heating  agent  upon  the  object  treated.  In  other 
words,  the  closer  we  can  bring  the  porcelain  to  un- 
obstructed heat-radiating  wires,  the  less  heat  will  be 
required  of  the  wires,  and  the  margin  between  that 
and  their  fusing  point  will  be  greatest,  and  in  proportion 
as  we  remove  the  object  from  the  source  of  heat,  or 
introduce  an  obstructing  partition  must  the  heat  of  the 
wires  be  raised.  Tt  is  the  taking  advantage  of  all  the 
conditions  which  favor  the  effective  application  and 
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conservation  of  the  lieat,  and  the  carrying  out  of  the 
wiring  in  its  finest  details  that  makes  the  electric  oven 
a practical  instrument. 

In  this  oven  the  wires  are  laid  on  the  surface  itself,  the 
aim  being  to  invest  them  only  deep  enough  to  support 
them  while  so  highly  heated.  In  putting  the  first  ovens 
upon  the  market  it  was  necessary  to  cover  the  wires  with 
a thin  layer  of  clay  for  the  purpose  of  protecting  them 
from  metals  and  other  substances  which  the  experiment- 
ing dentist  would  introduce.  But  later  on,  as  the  den- 
tists learned  the  peculiarities  of  the  electric  oven  they 
were  sent  out  with  the  wires  fully  exposed.  In  so  doing 
an  important  point  is  obtained,  for  the  introduction  of 
anything  between  the  wire  and  the  porcelain,  necessi- 
tates a higher  heat  of  the  wire  than  would  be  necessary 
were  nothing  intervening.  The  wire  is  embedded  just 
deep  enough  in  the  clay  to  be  caught.  It  matters  little 
how  much  they  may  become  exposed  by  use,  so  long  as 
they  do  not  buckle  to  the  extent  of  touching  neighboring 
wires,  no  harm  will  be  done.  As  a matter  of  fact  the 
more  the  wires  free  themselves  from  the  clay  the  more 
efficient  the  oven  will  become.  Practical  observation 
of  this  fact  later  on  led  to  stringing:  the  bare  wires 
upon  lugs.  It  will  be  seen  then  that  the  intro- 
duction of  an  intervening  wall  or  the  winding  of 
the  wire  around  the  outside  of  a muffle  of  clay  with  the 
intention  of  fusing  a piece  within,  will  require  the  wire 
to  be  heated  to  a much  higher  degree,  to  produce  an 
equal  result  within. 

The  second  feature  is  that  the  heating  wires  of  this 
oven  are  the  shortest  practical  distance  from  the  piece 
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to  be  fused.  Tlie  further  the  wires  are  placed  from  the 
porcelain,  the  higher  must  he  the  heat  of  the  wires  to 
produce  the  same  result.  When  a wall  is  introduced 
between  the  two,  the  obstruction  not  ofdy  causes  loss  of 
heat  by  conduction,  but  it  necessitates  the  removal  of  the 
wires  from  the  piece  just  the  thickness  of  the  wall  fur- 
ther than  they  would  otherwise  be.  Hence,  an  oven  with 
a wall  of  clay  between  the  wire  and  the  porcelain  de- 
mands an  additional  difference  of  temperature  between 
the  two,  for  the  reason  that,  the  fusing  point  of  the  por- 
celain always  remaining  the  same,  it  is  necessary  that 
the  heat  of  the  wire  should  rise  still  nearer  to  its  melting 
point  to  compensate  for  the  non-conduction  of  the  parti- 
tion, and  over  and  above  this,  the  additional  distance 
occasioned  hv  the  partition  itself.  So  it  will  he  seen 
that  a wall  does  two  things : it  interposes  a non-conduc- 
tor, and  it  removes  the  source  of  heat  from  the  object 
treated. 

The  third,  and  most  important  feature  of  this  oven  is 
the  complete  covering  of  all  the  walls  with  heat  radi- 
ating wires.  Since  the  heat  of  the  oven  comes  from  the 
wires  it  is  evident  that  the  more  wires  there  are  for 
radiating  the  heat,  the  less  will  he  required  of  the  indi- 
vidual wire.  For  this  reason  the  wires  are  not  only 
arranged  as  closely  together  as  it  is  possible  to  arrange 
them,  but  all  the  walls  are  completely  covered  and  are 
heat-producing  surfaces.  If,  for  instance,  a cavity  were 
to  be  raised  to  a certain  heat,  two  wires  might  do  this 
very  easily  but  one  wire  in  doing  it  must  he  twice  as 
hot  as  either  of  the  two.  And  so  it  is  with  the  electric 
oven.  If  one  side  of  the  walls  were  blank,  or  if  as 
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in  some  ovens  both  ends  are  not  heat-producing 
surfaces,  it  is  necessary  for  those  walls  which  do  produce 
heat,  to  be  raised  to  a much  higher  degree  than  would 
be  otherwise  required,  in  oi’der  to  make  up  for  those 
walls  that  do  not  radiate  heat.  This  means  overheating 
of  the  wires  and  early  failure  of  the  ovens  from  crystal- 
lization which  appears  to  take  place  in  overheated  wires. 
While  the  covering  of  all  the  walls  with  wires  is  a most 
essential  point  for  the  longevity  of  the  wiring,  it  is  also 
important,  in  fact  necessary,  for  producing  an  even  fuse 
in  a full  set  of  continuous  gum.  A muffle-shaped  oven, 
with  only  the  side  walls  heat-producing  surfaces,  and 
the  ends  blank  surfaces,  cannot  produce  an  even  fuse  of 
a full  set  of  continuous  gum  unless  it  is  very  large. 
In  fact  it  must  be  large  enough  in  diameter  and  long 
enough  to  take  in  at  least  three  sets  of  teeth,  to  insure 
perfectly  even  fusing  of  one  full  set  of  teeth  when 
placed  in  the  middle.  This  is  not  as  they  are  found  on 

the  market.  There  is  scarcelv  more  room  than  is  nec- 

*/ 

essary  to  close  the  door.  A case  can  be  fused  in  these 
ovens  it  is  true,  but  it  is  usually  necessary  to  bring  the 
case  to  a very  high  fuse  on  the  sides  to  insure  sufficient 
fusing  of  the  ends.  This  is  very  clearly  seen  in  a half- 
fused  case,  but  when  the  heat  is  carried  higher  till  all 
parts  are  fused,  it  becomes  a difficult  matter  to  detect 
over-fused  from  properly  fused,  by  the  eye.  Only  the 
test  of  usage  tells  an  unevenly  fused  plate. 

The  fourth  feature  of  this  oven  and  which  we  may  also 
say  is  important,  because  it  bas  to  do  with  the  wiring,  is 
the  arrangement  of  the  wires  to  produce  an  even  heat. 
In  practice  it  was  soon  found  that  there  was  a.tendency 
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of  the  heat  to  accumulate  in  the  center.  It  was  found 
that  in  all  cavities  not  truly  spherical  ,in,  shape,  if 
wound  with  wires  the  same  distance  apart,  the  long 
diameters  would  not  become  as  hot  as  the  short  diame- 
ters. To  meet  this  law  and  produce  an  even  heat,  begin- 
ning at  the  points  most  distant  from  the  center,  the 
wires  were  wound  as  closely  together  as  they  could  he 
arranged  without  touching  laterally,  and  as  the  center 
was  approached  the  distance  between  them  was  in- 


Fig.  129.— Diagrammatic  Illustration  of  System  of  Wiring. 


creased.  The  exact  distance  was  only  arrived  at  experi- 
mentally, and  it  was  finally  found  that  there  would  he 
required  about  three  times  the  amount  of  wire  in  a given 
area  in  the  most  distant  point  of  a Custer  oven,  that 
would  he  necessary  in  the  center.  The  effect  of  winding 
any  oven  with  wires  equally  distant  on  all  the  heat-pro- 
ducing surface  is  obvious.  It  means  two  things,  first  the 
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wires  in  the  center  become  overheated  by  the  accumula- 
tion of  heat,  and  second  the  porcelain  is  unevenly  fused. 

The  fifth  detail  was  an  improvement  in  the  wiring, 
arrived  at  only  after  the  study  of  the  working  of  over 
a hundred  ovens.  It  was  not  ffenerally  known,  if  known 
at  all,  that  the  negative  end  of  a wire  when  heated  by 
a constant  current  becomes  about  one-fifth  hotter  than 
the  positive  end,  and  as  yet  there  has  been  no  satisfac- 
tory explanation  of  the  same.  The  unequal  heating 
does  not  become  apparent  in  a wire  heated  in  the  air, 
but  it  is  present  in  the  electric  oven,  and  accounts  for 
the  trouble  that  arose  at  the  negative  end.  It  was 
found  that  the  burn-out  always  occurred  at  this  end  of 
the  wire,  because  of  its  overheating.  This  trouble  was 
quickly  overcome  by  using  a wire  which  was  a gradual 
taper  from  one  end  to  the  other,  with  the  larger  end 
at  the  negative.  In  making  the  negative  end  one- 
fifth  larger  on  cross-section  than  the  positive  end  the 
wire  would  be  heated  the  same  throughout  and  such 
an  oven  would  not  burn  out  when  properly  used.  It 
is  obvious  that  while  this  method  of  wiring  is  an  es- 
sential point  when  the  oven  is  used  on  a constant  cur- 
rent, the  conditions  would  be  just  the  reverse  if  the  cur- 
rent were  to  be  connected  in  the  wrong  manner,  with 
the  negative  to  the  positive. 

The  foregoing  are  the  essential  points  in  the  electric 
oven.  They  are  the  ones,  the  observation  of  which 
makes  it  a possible  and  practical  instrument  for  fusing 
porcelain.  All  these  features  were  covered  by  patents 
to  the  author  for  his  and  the  dentists’  protection.  In 
addition  to  these  features  there  are  two  others  of  which 
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it  would  be  well  to  speak ; one  being  the  detail'  of  the 
wiring,  whereby  they  are  kept  in  place,  and  the  other  to 
facilitate  observing  the  case  while  it  is  fusing.  While 
platinum  and  the  fire-clay  expand  and  contract  much 
alike,  there  is  still  a little  difference.  To  meet  this  the 
wires  are  arranged  so  as  to  form  a continual  curve  from 
beginning  to  end,  a section  of  which  is  illustrated  in 
Fig.  130.  Placed  in  this  manner  movement  takes  place 
in  very  small  segments  of  an  arc  and  there  is  no  ten- 
dency of  the  wires  to  break  from  their  fastenings. 

The  other  feature  is  the  use  of  two  small  openings 
for  observing  the  fusing  of  the  porcelain.  The  heat  of 
the  electric  oven  is  so  intense  and  the  light  is  so  bright 
and  even  that  it  is  difficult  to  clearly  make  out  the  fusing 

of  the  porcelain.  To  overcome  this 
difficulty  two  openings  are  made,  a 
small  one  in  the  top  for  the  admis- 
sion of  a ray  of  different  colored 

Fig.  130.— section  light  from  without,  and  a larger  one 

of  Wiring.  . . 

in  front  for  observation.  The  rays 

of  light  entering  at  the  upper  opening  are  reflected  by 

the  plate  through  the  front  opening.  This  brings  out  the 

process  so  clearly  that  even  the  inexperienced  can  see 

and  understand  the  fusing  as  it  progresses.  While  it 

was  originally  intended  to  use  sunlight  through  the 

small  opening,  the  uncertainty  of  obtaining  a light  from 

this  source  at  all  times  led  to  the  author’s  invention  of 

an  arc  light  for  this  purpose  as  shown  in  Fig.  133. 

When  the  porcelain  has  about  reached  the  fusing  point 

and  the  lever  is  on  the  last  button  of  the  rheostat,  the 

operator  strikes  a small  electric  arc  in  front  of  the  upper 
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small  opening,  which  shines  down  into  the  cavity  upon 
the  plate.  The  observer  from  in  front  can  now  see 
with  as  much  distinctness  as  if  the  oven  were  open,  and 
can  easily  tell  just  how  far  the  fusing  has  progressed. 
This  feature  alone  is  a most  pleasing  one,  for  while  the 
dentist  can  time  his  oven  much  as  he  would  a vulcan- 
izer,  he  cannot  be  certain  of  getting  precisely  the  same 
fuse  every  time.  The  use  of  the  arc  light  makes  him 
independent  of  any  mechanical  appliance  and  gives  him 
an  opportunity  for  modifying  the  process  to  suit  his 
most  critical  taste. 

The  advantages  of  the  electric  oven  are  many.  It  is 
the  ideal  method  of  fusing  porcelain.  The  heat  being 
derived  from  an  electrically  heated  platinum  wire,  its 
purity  is  insured.  The  ever-present  liability  of  gassing 
in  the  older  forms  of  ovens,  is  overcome  at  once  by  the 
electric  oven,  for  it  does  not  derive  its  heat  directly 
from  combustion.  Its  heat  is  a radiated  one  and  that 
from  a noble  metal  which  does  not  oxidize.  The  first 
and  most  important  requirement  is  for  this  reason 
most  perfectly  met. 

The  second  requirement  is  the  intensity  of  heat. 
Since  platinum  is  the  radiating  metal  its  fusing  point 
is  also  the  limit  of  the  heat.  This,  fortunately,  is  some- 
what higher  than  any  legitimate  use  in  porcelain  fusing 
calls  for,  and  as  a matter  of  fact  the  electric  oven  under 
intelligent  management  will  give  a higher  heat  than 
any  other  incandescent  oven  in  use.  The  tooth  carving 
bodies  which  have  the  highest  requirements  for  heat,  in 
dentistry,  can  be  fused  in  the  electric  oven,  the  only 
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requirement  being  that  the  piece  be  watched  and  the 
current  turned  off  when  it  is  fused. 

The  ease  with  which  the  electric  oven  can  be  con- 
trolled by  means  of  the  rheostat  is  a third  feature.  The 
rheostat  puts  this  under  the  absolute  control  of  the  oper- 
ator. Some  manufacturers,  as  a selling  dodge,  adver- 
tise that  a rheostat  is  not  needed  with  their  oven.  It  is 
not  necessary  to  use  a rheostat  with  any  oven  for  that 
matter.  It  is  not  essential  to  the  oven  but  is  a con- 
venience which  the  dentist  who  knows,  will  not  he  with- 
out, and  especially  when  fusing  a full  case.  The  rheo- 
stat like  a gas  valve  is  the  means  by  which  the  heat  is 
raised  or  lowered  to  suit  the  operator.  When  a piece 
is  fused  in  an  oven  without  a rheostat  the  heat  rises  at 
a rate  which  he  cannot  control  in  any  way.  The  prac- 
tical method  of  fusing  porcelain  pieces  as  it  is  generally 
performed,  is  to  give  a length  of  time  somewhat  propor- 
tionate to  the  size  of  the  piece.  A single  crown  can  he 
fused  in  twelve  minutes  from  the  cold  oven,  hut  a full 
case  should  not  he  fused  in  less  than  thirty  minutes  be- 
ginning with  a cold  oven.  This  cannot  he  done  except  by 
the  use  of  a rheostat.  The  fact  that  most  operators  who 
buy  a cheap  oven  because  it  is  advertised  as  not  requir- 
ing a rheostat,  afterwards  buy  one,  is  evidence  that  the 
rheostat  is  a valuable  adjunct.  When  the  rheostat  is 
used  the  dentist  has  absolute  control  over  his  oven,  and 
the  amount  of  time  that  it  saves  him  will  pay  for  the  in- 
vestment in  a short  time.  Moreover  he  can  do  with  that 
something  that  cannot  he  accomplished  in  any  other 
way.  He  can  slowly  approach  the  fusing  heat  and  then 
throw  the  full  heat  on  with  a suddenness  that  brings 
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out  the  color  of  the  gum  in  its  most  brilliant  hue.  The 
life  of  many  pieces  of  porcelain  is  destroyed  by  keep- 
ing them  too  long  near  the  fusing  point.  When  the 
rheostat  is  not  used  there  is  a long  drawn  out  heating 
below  the  fusing  point  during  which  time  the  color  of 
the  pink  gum  fades.  If  this  stage  can  be  quickly 
passed  over,  as  it  can  be  by  the  use  of  the  rheostat,  the 
life  of  the  gum  will  be  preserved. 

The  size  of  the  electric  oven  is  smaller  than  any  other. 
It  is  scarcely  larger  than  an  ordinary  dental  flask,  and 
for  that  reason  can  be  used  in  the  operating  room  as 
well  as  in  the  laboratory.  It  requires  no  connection  of 
rubber  tubes,  bellows,  and  the  like,  but  in  their  stead  a 
flexible  cord  and  plug  to  be  screwed  in  the  nearest  elec- 
trical bracket. 

The  cleanliness  of  the  oven  makes  it  in  keeping  with 
the  other  appointments  of  the -dental  office.  More  and 
more  the  operative  dentist  finds  use  for  porcelain  opera- 
tions and  the  cleanliness  of  the  oven  permits  of  its  being 
used  in  the  operating  room.  It  is  without  gas,  noise, 
odor,  or  dirt,  features  which  should  be  preserved  in  the 
dental  office  as  far  as  possible.  The  electric  oven  in 
these  respects  is  a fair  illustration  of  the  fitness  of  elec- 
tricity in  dental  practice.  It  comes  in  through  the 
conductors  quietly  and  subtly,  a horse-power  of  current 
may  be  in  operation  and  we  are  unaware  of  its  pres- 
ence except  for  the  exhibition  of  heat. 

Electrical  heat,  all  things  considered,  costs  no  more 
than,  if  as  much  as,  the  other  processes  of  fusing  porce- 
lain. The  reason  for  this  is  found  in  the  economy  of 
heat.  In  the  electric  oven  there  is  the  most  complete- 
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utilization  of  the  heat,  but  the  smallest  part  being  lost 
by  radiation ; whereas,  in  the  older  forms  of  ovens  only 
the  smallest  part  is  utilized  in  fusing  the  porcelain.  To 
fuse  a set.  of  teeth  takes  an  amount  of  fuel  in  the  coke 
ovens  sufficient  to  heat  a house  of  ordinary  size  a whole 
day,  whereas  the  electric  oven  will  not  heat  in  the  same 
way  the  tenth  part  of  a room  for  half  that  time.  While 
electric  heat  is  much  more  expensive  than  that  derived 
directly  from  coal,  the  comparatively  small  amount  of 
electricity  consumed  in  the  fusing  of  a set  of  teeth, 
makes  it  very  economical. 

The  electric  oven,  finally,  saves  considerable  time. 
In  fusing  a set  of  teeth  the  rheostat  is  put  upon  the  first 
button  where  it  is  allowed  to  remain  till  the  case  is  thor- 
oughly dried  out.  The  dentist  may  be  making  a gold 
filling  in  the  meantime.  When  he  is  satisfied  that  the 
case  is  dry,  he  can  throw  the  lever  over  two  or  three 
buttons  at  a time  according  as  the  interval  has  been. 
This  is  repeated  at  his  convenience  till  the  third  from 
the  last  button  is  reached  upon  which  he  will  allow  the 
lever  to  stand  till  he  can  give  the  case  his  undivided  at- 
tention for  three  or  four  minutes.  When  he  is  ready  he 
will  turn  the  current  on  full  at  once  and  the  oven  and 
case  being  thoroughly  heated,  the  case  quickly  drops  into 
a fuse  and  he  is  done.  Thus  the  whole  operation  of 
fusing  a full  case  occupies  hut  a few  minutes  of  his  time 
and  yet  he  was  present  at  the  critical  period  of  the 
fusing  process. 

This  brings  us  to  the  use  of  mechanical  appliances 
for  regulating  the  oven.  While  it  is  possible  to  use  an 
ordinary  alarm  clock  for  timing  and  shutting  off  the 
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oven,  still  in  many  offices  the  voltage  varies  so  much 
either  by  the  time  of  day  or  by  the  intermittent  use 
of  it  in  large  quantities  in  buildings  operating  ele- 
vators thereby,  that  this  is  not  a reliable  method. 


Ei«.  131.— Automatic  Timing  Appliance  for  Electric  Oven. 


However,  in  those  offices  in  which  by  trial  the  current 
has  been  found  to  be  without  much  variation,  timing 
the  case  will  be  entirely  feasible,  and  reliable  results 
will  be  had. 


An  automatic  timing  appliance  was  once  designed  by 
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the  author  as  shown  in  Fig.  131.  A clock  with  its  min- 
ute hand  made  into  a brush  which  contacted  upon  four 
buttons  of  a rheostat  in  sweeping  an  arc,  remained  for 
seven  minutes  on  each  contact  except  the  last,  which 
was  movable.  This  was  set  distant  from  the  third  ac- 
cording to  the  material  that- 
wras  to  be  fused.  This  ap- 
pliance worked  satisfactorily 
except  for  the  fact  that  oc- 
casionally the  pressure  would 
vary  so  much  as  to  affect  the 
outcome  in  the  manner  pre- 
viously referred  to. 

The  second,  and  a very 
accurate  method  is  the  use  of 
a watt-meter.  This  will  prove 
a reliable  method  and  it 
may  be  said  to  be  indejjend- 
ent  of  any  variation  in  the 
pressure.  That  is,  while  the 
pressure  may  vary  the  meter 
records  only  the  amount  of 
current  that  passes  through 
it,  and  after  all,  that  is  the  essential  in  the  fusing  pro- 
cess. 

If  the  current  on  its  way  to  the  oven  passes  through 
german-silver  resistance  wire  which  is  embodied  in  a 
heavy  metal  base  surrounding  a thermometer,  the  heat 
of  the  same  will  cause  the  mercury  to  rise  somewhat 
proportionately  to  the  watts  that  have  passed  through 
the  wire.  Such  a device  is  shown  in  Fig.  132. 


FiGf.  132.— Author’s  Electric 
Thermometer. 


20 
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A method  devised  by  Dr.  J.  R.  Callahan  for  use 
with  the  oven  deserves  notice.  Doctor  Callahan  uses  a 
high-reading  thermometer,  placing  the  bulb  of  the  same 
in  a clay  stopper  molded  to  fit  the  upper  opening.  This 
very  accurately  measures  the  heat  of  the  oven,  espe- 
cially if  the  fusing  is  always  started  from  a 
cold  oven.  If,  however,  the  oven  is  hot  at  the  time  of 
beginning  a fuse,  the  thermometer  will  read  a little 
higher  by  reason  of  the  casing  being  heated  at  the  be- 
ginning. 

To  overcome  this  one  objection  to  Doctor  Callahan’s 
method,  the  author  uses  a platinum  wire  loosely  em- 
bedded in  the  clay  stopper,  one  end  of  which  projects 
into  the  oven  cavity  and  the  other  terminates  in  a cup 
which  receives  the  bulb  of  the  thermometer.  One  known 
as  the  “pastry”  thermometer  is  used  for  this  purpose. 
This  is  about  six  inche's  long  and  reads  to  six  hundred 
degrees  Fahrenheit,  the  whole  appliance  being  shown  in 
Fig.  133.  By  using  the  wire  the  heat  is  conducted  from 
the  oven  cavity  more  sensitively  than  by  the  clay  stop- 
per, and  the  heat  of  the  cup,  while  not  as  high  as  that  of 
the  oven,  is  always  exactly  proportionate  to  it,  and  a 
scale  having  once  been  made  can  always  be  depended 
upon  thereafter.  If  it  is  desired  to  be  absolutely  accu- 
rate in  the  fuse,  it  can  be  done  by  using  a pellet  of  gold 
which  can  be  seen  to  melt,  as  the  basis  of  calculation. 
It  is  only  necessary  to  turn  off  the  current  when  the  mer- 
cury reaches  six  points  above  that  at  which  the  gold 
melts  for  Close  body,  or  four  and  one-half  points  for 
Close  gum. 

By  the  use  of  the  thermometer  as  above  described,  it 
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is  possible  to  fuse  porcelain  to  any  predetermined  de- 
gree with  almost  perfect  accuracy,  and  it  is  so  easily 
and  certainly  done  that  the  operator  can  relegate  the 


Fig.  133.— Author’s  Thermometer. 


fusing  to  his  assistant  with  the  assurance  that  it  will 
be  properly  done. 

The  most  satisfactory  assistant  for  facilitating  the 
observation  of  the  fusing  process  is  the  arc  light  devised 
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by  the  author,  in  1897.  By  means  of  this  adjunct  a 
strong  light  is  thrown  in  the  oven  and  upon  the  plate. 
This  light  being  of  a different  color  from  the  heat  light 
of  the  oven  and  also  one  of  great  intensity,  will  bring 
out  in  perfect  clearness  any  part  of  the  plate  that  it 


- Fig.  134.  Custer  Arc  Light. 

strikes.  Two  small  carbons  are  poised  on  a movable 
bracket  which  slips  under  the  name  plate  of  the  oven. 
One  of  these  carbons  is  fixed  in  a spring  tube  and  the 
other  is  free  to  move.  The  operator  keeps  the  fixed  car- 
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bon  about  the  middle  of  the  opening.  Then  upon  touch- 
ing it  with  the  movable  carbon  an  arc  is  struck.  This 
light  enters  the  small  opening  in  the  top  and  the  oper- 
ator from  in  front  sees  with  perfect  clearness  the  part 
from  which  the  light  of  the  arc  is  reflected.  With  this 
appliance  all  eye  strain  is  removed,  and  the  operator 


Fig.  135.— Custer  Electric  Oven  for  Crowns  and  Bridges. 

can  watch  the  fusing  jirocess  as  clearly  as  if  the  oven 
were  open.  lie  can  not  only  see  that  the  case  is  fusing 
but  he  can  get  a fineness  of  fuse  that  cannot  be  obtained 
in  any  other  way.  While  with  the  electric  oven,  by 
ordinary  methods  the  operator  has  a better  view  of  his 
case  than  he  ever  had  in  the  old-style  ovens,  the  arc  light 
as  a finishing  touch  completes  the  electric  oven  for  fus- 
ing porcelain. 
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When  using  the  electric  oven  the  dentist  should  pro- 
ceed as  follows : If  the  case  is  a small  piece,  as  a crown 

or  bridge,  the  lever  of  the  rheostat  is  put  on  the  first 
button  where  it  is  allowed  to  stand  until  the  case  is 
thoroughly  dried  out.  When  this  has  been  done,  the  lever 
can  be  pushed  over  to  the  middle  button,  and  after  stand- 
ing about  five  minutes  at  this  point,  the  full  current  may 
he  put  on  by  pushing  the  lever  to  the  last  button  to  the 
right.  It  might  he  well  to  call  attention  to  the  position 
of  the  rheostat.  This  should  he  within  easy  reach  and 
always  placed  with  the  contact  buttons  at  the  top.  The 
reason  for  this  is  that  in  case  the  lever  should  in  time 
work  too  freely,  it  will  not  accidentally  fall  over  on  a live 
button.  While  the  lever  is  on  the  last  button  the  oper- 
ator should  never  leave  the  case.  It  should  he  watched 
till  fused.  The  operator’s  eye  is  becoming  familiarized 
with  the  appearance  of  the  porcelain,  and  he  can  he 
sure  of  not  overfusing  the  case,  as  would  very  often 
happen  if  attending  to  other  matters  at  the  same  time. 
The  dentist  can,  when  rushed  for  time,  throw  the  lever 
full  on  at  once  and  thus  fuse  the  case  in  ten  or  twelve 
minutes,  but  this  should  not  become  the  practice  because 
of  the  temptation  to  leave  the  case  before  the  fusing 
point  is  reached.  If,  however,  he  acquires  the  habit  of 
gradually  working  the  lever  over  to  the  third  or  fourth 
button  from  the  last,  and  allowing  it  to  remain  there 
until  he  has  the  proper  amount  of  time,  he  will  save 
himself  the  anxiety,  and  at  the  same  time  be  present 
when  the  case  fuses. 

In  fusing  a full  case,  at  least  thirty  minutes  should 
he  consumed  in  carrying  the  case  from  the  cold  oven 
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to  a full  fuse,  and  a longer  time  than  this  is  even  better, 
so  long  as  it  is  held  at  a comparatively  low  heat  during 
the  first  stages.  From  personal  experience  it  can  be 
stated  that  for  the  purposes  of  obtaining  the  strongest 
plate,  and  the  most  life-like  appearance  of  the  gum,  the 
heat  should  he  turned  on  somewhat  as  a ball  rolling 
down-hill  gathers  momentum,  gradually  at  first  and 
more  rapidly  towards  the  last.  It  is  for  this  reason 
that  the  operator  is  advised  to  use  a rheostat,  gradu- 
ally bringing  the  heat  up  till  the  third  or  fourth 
from  the  last  button  is  reached  where  it  can 
he  allowed  to  remain  until  he  can  give  the  fusing 
his  undivided  attention.  The  whole  oven  has  become 
heated  up  throughout ; the  case  is  at  the  same  tem- 
perature and  then  the  lever  being  thrown  on  the  last 
button  at  once,  the  case  quickly  fuses.  By  following 
this  plan  the  dentist  has  given  the  fusing  of  his  case 
no  attention  save  an  occasional  pushing  forward  of  the 
lever  and  when  the  third  or  fourth  button  from  the  last 
is  reached,  he  allows  it  to  stand  at  that  until  he  has  time 
to  complete  the  operation.  The  porcelain  is  just  ready 
to  drop  into  a fuse  and  turning  the  lever  brings  up  the 
heat  so  quickly  that  he  has  had  just  sufficient  time  for 
familiarizing  his  eye  with  the  heat.  The  time  con- 
sumed in  the  first  stages  may  be  even  an  hour’s  duration, 
and  no  harm  will  follow.  By  this  method  when  the  case 
fuses  the  operator  is  present  at  the  critical  period  and 
• yet  it  has  consumed  but  a few  minutes  of  his  time  in  all, 
and  at  no  stage  of  the  operation  was  there  any  danger  of 
overfusing.  Where  the  method  of  turning  on  a button 
at  a time,  as  followed  by  some,  is  used,  the  time  per- 
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Fig.  130. — Custer  Electric  Oven  for  Fell  Cases. 

Besides  the  form  shown  in  Fig.  135  the  oven  is  made 
in  two  other  patterns  and  sizes.  For  ordinary  full  cases 
and  for  all  crowns  and  bridges  as  well,  the  oven  shown 
in  Fig.  13(5,  known  as  the  No.  2,  meets  all  requirements. 


sonal  attention  is  required  is  so  long  that  the  temptation 

to  attend  to  other  things  frequently  produces  an  over- 

% 

fused  case. 
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This  oven  will  he  found  to  he  the  most  satisfactory  for 
the  general  practitioner  or  one  who  constructs  crowns 
and  bridges  and  an -occasional  case  of  continuous  gum. 
For  the  specialist  in  porcelain,  however,  an  oven  the 


Fig.  137.— Haskell  Patteiin. 

same  in  all  respects  as  Fig.  130  except  that  it  is  one 
half  an  inch  larger  in  all  dimensions  would  be  recom- 
mended. 
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The  older  practitioners  who  had  acquired  the  habit 
of  removing  the  case  to  an  annealing  muffle  when  fused, 
desired  an  oven  which  would  permit  of  this  being  easily 
done.  The  oven  shown  in  Fig.  137,  known  as  the  Has- 
kell pattern  has  the  front  wall  of  the  lower  section  re- 
moved, thus  bringing  the  front  of  the  casing  flush  with 
the  bottom.  This  facilitates  the  removal  of  the  case. 

It  is  advised,  however,  that  the  operator  who  is  be- 
ginning in  porcelain  work  use  the  style  shown  in  Fig. 
136,  for  several  reasons:  First,  the  oven  itself  is  the 

best  for  annealing  that  can  be  had  and  there  is  no  neces- 
sity for  removing  the  case  to  a special  oven  for  that 
purpose.  If  the  case  is  allowed  to  remain  in  the  oven 
till  all  has  cooled  together,  it  is  most  reasonable  to  sup- 
pose that  it  will  be  more  evenly  annealed  than  when 
removed  to  another  muffle.  In  changing  the  piece  from 
one  oven  to  another,  it  is  subjected  to  a very  sudden 
change  of  temperature,  which,  while  it  is  not  sufficient 
to  check  the  better  porcelains,  still  has  no  advantage. 
Moreover,  the  danger  of  injury  during  the  removal  is 
avoided.  By  leaving  the  case  in  the  oven  to  cool  it  is 
given  a better  temper  and  the  whole  process  is  simplified. 
A second  advantage  in  this  style  of  oven  is  found  in 
the  arrangement  of  the  sight  openings.  These  are  in  the 
most  advantageous  position  for  viewing  the  case  and 
a much  wider  range  is  thereby  obtained.  A third 
advantage  is  found  in  the  system  of  wiring.  In  the 
crown  and  bridge  size  and  in  the  Haskell  pattern,  each 
half  is  differently  wound,  whereas  in  the  Xo.  2,  as 
shown  in  Fig.  136,  each  half  is  a duplicate  of  the  other. 
This  system  of  wiring  is  diagrammatically  shown  in 
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Fig.  129.  It  is  very  simple  and  the  operator  can  easily 
trace  it  out  when  making  a repair. 

When  the  oven  was  first  put  upon  the  market  the 
wires  were  covered  with  a thin  layer  of  clay,  as  a pro- 
tection against  metals  and  the  like,  which  the  dentist 
would  inadvertently  use.  After  it  became  generally 
known  that  the  oven  was  a delicate  instrument  in  some 
respects,  it  was  sent  out  with  the  wires  entirely  exposed. 
The  oven  is  a sensitive  instrument  and  one  easily  ruined 
by  abuse.  The  first  care  that  should  be  exercised  is 
cleanliness.  The  platinum  Avires  while  so  highly  heated 
readily  take  up  any  foreign  substances  that  may  be 
present.  They  unite  Avith  other  metals,  thus  lowering 
the  melting  point  of  the  platinum,  causing  a burn-out, 
and  many  other  substances  cause  a granular  effect  on 
the  wire.  In  order  to  prevent  the  possible  contamina- 
tion of  the  AA’ires,  a tray  should  ahvays  be  used  to  rest  the 
Avork  upon,  and  the  oven  should  be  kept  covered  when 
not  in  use.  As  an  illustration  of  Avhat  has  happened, 
some  dentists  use  pumice  stone  in  the  investment  of  their 
cases.  This  fuses  in  the  oven  and  if  a tray  is  not  used 
it  acts  as  a flux  upon  the  wires  causing  a burn-out  and 
an  absolutely  unreliable  condition  of  all  the  Avires  Avith 
Avhich  the  pumice  has  come  in  contact.  A platinum 
Avire  tripod  resting  upon  a tray  is  preferable  to  an  in- 
vestment. 

Xothing  should  be  fused  in  the  oven  but  porcelain. 
It  should  not  be  used  for  the  melting  of  metals  for  which 
there  is  a great  temptation.  The  metals  may  not  touch 
the  Avires,  but  their  volatilization,  Avhich  frequently  oc- 
curs, is  certain  to  injure  the  Avires  by  uniting  with  them. 
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It  should  not  be  overheated ; a single  overheating 
will  do  more  damage  than  many  heatings  at  the  proper 
temperature.  A molecular  change  appears  to  be  pro- 
duced by  overheating.  The  author  accounts  for  it  in 
this  way:  The  metal  of  the  wires  has  almost  reached 

its  melting  point,  and  under  the  influence  of  the  current 
the  molecules  take  on  a movement  from  the  relation  in 
which  they  were  placed  in  the  drawing  out  of  the  mecal 
in  the  wire  form.  This  movement  of  the  molecules  mav 

c/ 

be  brought  about  by  the  high  heat  long  continued,  but 
we  are  of  the  opinion  that  it  is  also  largely  influenced 
by  the  current  itself.  This  force  is  probably  of  an  elec- 
trolytic nature  inasmuch  as  platinum  is  not  to  any  ex- 
tent magnetic.  At  any  rate  a crystallization  is  pro- 
duced in  the  wire  which  is  apparent  even  to  the  naked 
eye.  It  is  also  proved  by  the  rise  in  the , resistance  of 
the  wire.  Old  ovens  consume  less  current  and  heat  up 
more  slowly  than  new  ones.  This  is  due  to  the  loosen- 
ing of  the  molecules  and  an  attempt  at  polarization, 
as  it  were.  If  in  the  use  of  the  oven  the  heat  of  the 
wire  does  not  approach  so  near  the  melting  point  that 
its  molecules  move  from  their  respective  relations,  no 
permanent  change  of  structure  will  be  produced.  To  be 
more  explicit,  it  is  necessary  that  these  molecules  or 
atoms,  during  the  height  of  the  heat  have  a wider  path 
of  movement,  but  it  is  not  necessary  that  this  movement 
should  be  so  much  that  they  do  not  return  to  their  orig- 
inal relations,  when  the  oven  cools.  In  practice  it  has 
been  found  that  if  the  oven  is  not  overheated  a single 
time,  that  it  will  last  for  hundreds  of  operations.  The 
author  has  a record  of  over  eight  hundred  fusings  with- 


HEAT 


317 


out  a single  burn-out.  When  the  oven  was  first  put 
upon  the  market  it  received  an  immediate  backset  from 
this  cause.  The  dentist  would  invite  his  neighbors  in 
and  put  tbe  oven  to  the  highest  heat  possible  to  see  what 
would  happen,  or  perhaps,  to  see  if  it  could  withstand 
all  the  abuses  which  he  could  put  upon  it.  If  it  stood  this 
test,  it  was  a success  and  he  would  keep  the  instrument, 
if  not,  he  would  return  it  to  the  manufacturer.  When 
the  oven  did  not  burn  out  by  this  trial  it  would  surely 
do  so  in  a short  time  because  of  the  crystallization  that 
took  place  in  the  wires. 

The  repair  of  the  oven  is  a simple  process.  The 
clay  in  time  cracks  somewhat,  but  these  can  all  be  re- 
paired so  as  to  be  as  good  as  new  by  mixing  the  repair 
clay  with  water,  and  having  first  saturated  the  clay 
around  the  break  with  water,  pasting  the  cracks  full  of 
new  clay.  This  bakes  hard  at  the  first  heating.  The 
wirds  may  sometimes,  and  especially  in  large  curves, 
become  loosened  from  their  investment.  These  can  be 
pressed  back  with  a wooden  instrument  and  held  with 
a thin  layer  of  repair  clay.  It  does  not  matter  how 
much  the  wires  become  freed  from  their  investment; 
so  long  as  they  do  not  buckle  to  the  extent  of  touching 
neighboring  wires,  no  harm  will  follow. 

The  most  troublesome  feature  to  repair  is  the  burn-out 
which  sometimes  happens  from  the  causes  indicated  on 
previous  pages.  The  first  thing  to  do  is  to  locate  it.  If 
the  oven  is  one  of  large  size,  the  simple  opening  of  the 
lid  while  the  current  is  on  will  tell  in  which  section  the 
burn-out  is  located.  If  there  is  a large  spark  at  the 
contact  springs,  then  the  burn-out  is  in  the  lower  sec- 
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tion,  and  if  there  is  no  spark  at  all  the  trouble  is  in  the 
upper  section.  When  both  sections  are  good  there  will 
be  a faint  spark  at  the  springs  upon  lifting  the  upper 
section,  and  a large  spark  when  turning  the  current  off 
at  the  rheostat.  Having  determined  in  which  -section 
the  burn-out  is  contained,  the  exact  location  is  the  next 
step.  If  upon  close  inspection  it  is  not  apparent  to  the 
eye,  other  means  will  be  necessary.  The  burn-out  ordina- 
rily shows  itself  by  a black  spot  and  a fused  button  of 
platinum.  If  it  is  not  apparent,  it  is  then  to  be  tested 
for  in  this  manner : Use  an  eight  candle-power  lamp  if 
obtainable,  if  not  one  of  sixteen  candle-power  will  an- 
swer except  that  the  spark  is  a little  larger.  Screw 
the  lamp  in  a socket  with  two  flexible  wires  attached,  or, 
solder  one  wire  to  the  outside  of  the  lamp  base  and  the 
other  wire  to  the  button  on  the  end.  Disconnect  the 
oven  and  fasten  one  of  the  wires  from  the  lamp  to  one 
of  the  tips  just  taken  from  the  oven.  This  leaves  one 
wire  from  the  lamp  and  one  tip  to  the  oven  free.  Turn 
the  rheostat  to  the  second  button  and  test  the  lamp  con- 
nections by  bringing  the  two  free  terminals  together. 
If  the  connections  are  correct  the  lamp  will  light  upon 
touching  the  points  together,  and  it  will  go  out 
upon  separating  them.  If  the  burn-out  is  in  the  lower 
section  fasten  the  free  tip  to  the  right  hand  front  spring 
and  beginning  down  in  the  same  corner  with  the  long 
flexible  wire  at  A in  Fig.  138,  pass  it  along  on  the  bottom 
of  the  oven,  from  wire  to  wire,  first  back  then  forward, 
back  and  then  forward,  which  brings  us  to  the  left  hand 
front  corner.  If  at  any  time  the  light  fails  to  burn  when 
touching  an  exposed  wire,  the  trouble  is  near  by  and  can 
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be  quicklv  located.  The  wire  after  covering  the  base 
then  covers  the  side  walls,  going  up  the  side  from  the 
left  hand  corner  near  B,  and  passing  entirely  around 
in  a right  hand  direction  till  the  left  hand  front  corner 
is  again  reached  where  the  wire  goes  out  at  B through 
the  body  of  the  clay  to  the  connections. 

The  upper  section  having  been  first  taken  off,  is  tested 
in  the  same  way.  The  wire  for  the  connections  leaves 
the  oven  cavity  in  each  of  the  corners,  as  with  the 
lower  section.  In  fifty-two  volt  ovens,  in  addition 


Fig.  138.— Plan  of  Wiring  of  the  No.  2 Custer  Oven. 


to  the  two  terminals  a double  connection  is  also  made 
in  the  left  hand  lower  corner.  The  two  original  termi- 
nals are  brought  out  together  to  the  right  hand  contact 
in  the  upper  section,  or  spring  in  the  lower  section,  and 
the  new  connection  that  is  made  at  the  left  hand  corner 
is  brought  out  to  the  left  hand  button  or  spring,  as  the 
case  may  be. 
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When  the  break  has  been  located  its  repair  is  a simple 
matter.  Expose  enough  of  the  wires  to  get  a clear 
idea  as  to  the  plan  of  wiring.  The  plan  of  the  wiring 
of  the  full  case  ovens  is  diagrammatically  shown  in  Fig. 
129.  If  it  is  a burn-out  it  usually  appears  at  the  end  of 
a loop,  and  perhaps  the  arc  formed  was  large  enough  to 
have  burned  out  two  or  three  neighboring  loops.  All 
that  is  necessary  in  repairing  this  form  of  burn-out  is  to 
grasp  the  two  free  ends  of  wire  with  a small  pair  of 
flat-nosed  pliers,  and  having  put  a single  thickness  of 
Eo.  4 gold  between  the  two  wires,  twist  tightly  together, 
cover  with  a little  clay  and  heat  up.  If  three  or  four 
loops  in  a row  are  burned  out,  it  might  be  well  to  strip 
these  loops  out  entirely  and  bend  in  a new  piece  of  the 
wire  furnished  for  the  purpose,  to  take  their  place,  first 
preparing  a bed  for  them  by  scraping  the  clay  flush  with 
the  bottom  of  the  old  print  of  the  wire. 

The  other  form  of  break  in  the  circuit  is  that  caused 
in  some  inexplainable  way  by  the  breaking  of  the  wire 
while  cooling.  This  does  not  usually  occur  except  when 
some  foreign  substance  has  affected  the  wire  during  the 
heating.  This  is  repaired  in  the  same  manner  as  that 
just  indicated. 

In  making  these  repairs  the  greatest  care  should  be 
exercised  that  neighboring  wires  are  not  injured 
thereby.  The  least  scratch  is  sufficient  to  cause  a new 
burn-out.  A dull  cbisel  will  remove  the  clay  and  the 
final  ends  can  be  stripped  up  by  gently  pulling  on  them. 
A wooden  instrument  should  always  be  used  for  adjust- 
ing the  wires. 
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THE  ELECTRIC  CAUTERY  AND  ROOT-DRIER. 

While  the  electric  cautery  has  a somewhat  limited  use 

I in  dentistry,  it  is  of  sufficient  value,  how- 
ever, to  receive  attention.  This  instrument 
as  illustrated  in  Fig.  139,  consists  of  a 
vulcanite  handle  through  which  pass  two 
heavy  copper  wires.  These  wires  extend 
about  two  and  one-half  inches  beyond  the 
handle.  The  purpose  in  having  the  wires 
of  thick  copper,  is  that  they  may  carry  the 
heavy  current  that  is  necessary,  without 
heating,  and  also  to  give  the  proper  stiff- 
ness at  the  point.  One  of  these  wires  is 
broken  at  a convenient  point  in  the  handle 
and  a small  switch  inserted  so  as  to  bring 
the  current  conveniently  under  control* 
The  two  projecting  wires  are  fastened  se- 
curely together  and  yet  are  insulated  from 
one  another.  At  their  extreme  ends  a loop 
of  about  twenty-six  gauge  platinum  wire 
connects  the  two.  This  loop  varies  in  shape 
according  to  the  uses  for  which  it  is  in- 
tended. 

The  cautery  requires  a volume  of  cur- 
rent according  to  the  size  of  the  platinum 
wire.  The  length  of  this  wire  makes  but 
little  difference;  it  is  the  cross-section 
that  is  the  troublesome  feature  because 
of  the  large  volume  of  current  in  amperes 

Fig.  i 39. -Elec-.  reai1jre(j  |0  heat  it.  A twenty-eight 
trig  Cautery,  icijuucu  ./  o 

gauge  requires  about  five  amperes  and  a twenty-four 
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gauge  about  ten  amperes  to  produce  the  proper  heat. 
There  is  required,  however,  about  four  volts  to  force 
this  strength  of  current  through  the  cautery  loop  and 
the  conducting  wire  leading  to  and  from  it.  It  is 
an  easy  matter  to  get  a current  of  this  amper- 
age from  a battery,  but  when  taking  it  from  the  one 
hundred  and  ten  volt  current,  it  not  onlv  necessitates 
special  wiring,  but  is  a very  wasteful  method.  The 
dental  uses,  however,  do  not  require  a very  large  cautery 
and  the  dentist  can  usually  get  enough  current  with- 
out special  wiring.  If  this  is  to  be  taken  from  battery 
power,  two  storage  cells  of  about  thirty  ampere  hours’ 
capacity  can  be  used  for  the  purpose.  These  can  be 
charged  either  by  a gravity  battery  or  by  the  constant 
current  by  using  a fifty  candle-power  lamp  in  series. 
The  battery  can  also  be  put  in  series  with  the  dental 
engine  and  charged  when  the  engine  is  in  operation. 
As  a rule  there  is  enough  margin  in  the  power  of  the 
dental  engine  to  charge  a battery  of  this  kind  and  still 
have  a surplus  of  energy.  The  resistance  of  a storage 
battery  of  that  size  and  capacity  is  so  little  as  to  be 
practically  negligible. 

If,  however,  the  dentist  chooses  to  operate  his  cautery 
from  the  one  hundred  and  ten  volt  current,  he  can  do  so 
by  introducing  about  ten  ohms’  resistance  and  taking 
off  enough  current  for  this  cautery  by  a shunt  rheostat  as 
described  on  page  209.  Bv  so  doing  he  can  open 
and  close  the  switch  in  the  handle  without  having  a de- 
structive spark.  The  breaking  of  six  or  eight  amperes 
in  a series  switch  that  is  not  in  shunt  with  another 
circuit,  would  produce  such  a large  spark  as  to  ruin  the 


HEAT 


323 


handle  of  the  cautery.  By  using  the  cautery  on  a circuit 
that  is  in  shunt  with  another  the  entire  current  is  not 
broken  when  the  button  is  raised.  It  has  still  another 
path  through  which  the  current  can  flow,  and  the  spark 
at  the  cautery  switch  is  for  that  reason  very  slight. 

The  cautery  can  be  much  more  economically  operated 
on  the  alternating  current  by  the  use  of  a small  trans- 
former as  shown  in  Fig.  140.  This  operates  on  pre- 
cisely the  same  principle  as  the  large  transformer.  The 


Fig.  140.— Alternating  Current  Transformer  for  Cautery. 

current  is  received  at  fifty-two  or  one  hundred  and  four 
volts  as  the  case  may  be  and  a secondary  current  of  low 
voltage  but  high  amperage  is  produced. 

One  form  of  an  electric  root-drier  can  be  made  by 
doubling  a twenty-eight  gauge  platinum  wire  upon  itself 
and  soldering  the  very  tip  with  pure  gold,  then  dressing 
this  down  to  a broach-like  point.  The  two  free  ends 
are  to  be  fastened  to  the  copper  points  of  the  cautery 
appliance  just  described.  If  the  two  wires  do  not  touch 
one  another  from  the  solder  to  the  copper  wires  the  heat 
will  be  carried  to  a greater  distance  into  the  root.  In 
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using  the  root-drier  just  described,  the  heat  is  obtained 
by  conduction  from  the  platinum  point. 

The  Garhart  Dental  Manufacturing  Company  has  a 
very  complete  root-drier  upon  the  market.  The  novel 
feature  of  this  appliance  is  the  method  of  combining  the 
resistance  which  is  necessary  when  used  on  a commer- 
cial current,  in  the  flexible  cord  which  conducts  the  cur- 
rent to  the  root-drier.  In  this  manner  the  whole 
appliance  is  self  contained,  it  being  only  necessary  to 
screw  the  plug  in  a near-by  socket,  when  it  is  ready 
for  use. 

The  root-drier  itself  is  interchangeable  with  a small 
lamp  shown  in  Fig.  158. 

WARM  AIR  SYRINGE. 

Another  form  of  root-drier  and  warm  air  syringe  is 
one  in  which  the  heat  is  obtained  by  forcing  a jet  of  air 
over  a heated  platinum  wire  and  the  drying  is  done  by 
the  heated  air.  The  S.  S.  White  Company  has  a splen- 
did instrument  for  this  purpose  which  is  shown  in  Fig. 
142.  This  instrument  consists  of  a rubber  bulb  for 
producing  the  air  pressure.  The  point  in  which  the 
heat  is  produced  is  a glass  tube  containing  a platinum 
coil.  This  is  further  protected  by  means  of  a perfor- 
ated metal  shield  which  allows  the  operator  to  see  the 
heating  of  the  wire  and  also  prevents  to  a considerable 
degree  the  overheating  of  the  nozzle.  The  metal  point 
is  about  the  size  of  a hypodermic  needle  and  can  be 
forced  to  a considerable  distance  into  the  pulp  canal. 

A small  thumb-switch  is  placed  at  a convenient  posi- 
tion upon  the  handle  for  closing  the  circuit.  This  is  a 
great  convenience,  for,  the  heat  of  the  wire  being  fixed 
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Dig.  HI.— Werner  Electric  Root  Canal  Drier. 
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by  the  current  which  operates  it,  the  dentist  by  momen- 
tary touches  upon  the  button  can  obtain  a warm  blast 
for  sensitive  dentine,  or  by  holding  the  button  down 
for  a little  time  he  can  obtain  a hot  blast  for  pulpless 
teeth.  In  this  manner  this  instrument  forms  a very 
simple  and  effective  device  for  either  warm  or  hot  air. 
The  temperature  of  the  air  can  also  be  varied  by  modi- 
fying the  air  pressure  from  the  syringe.  A light  pres- 
sure will  cause  a hot  blast,  whereas  a hard  pressure  will 
produce  a jet  of  warm  air.  The  heat  of  the  wire  always 
remaining  the  same,  any  degree  of  heat  can  be  obtained 
by  the  simple  manipulation  of  the  pressure  upon  the 
bulb. 

The  heat  for  the  platinum  wire  can  be  obtained  from 
the  S.  S.  White  Company’s  motor  generator  outfit  as 
shown  in  Fig.  93,  the  Partz  Motor  Battery,  Ho.  6,  or 
it  can  be  obtained  from  an  Edison-Lelande  battery. 

- In  the  construction  of  a warm-air  syringe  the  nearer 
the  heat-producing  wires  are  brought  to  the  tip  the  bet- 
ter. Dr.  T.  W.  Wassail  devised  a hot-air  appliance  in 
which  the  wires  were  contained  in  the  tip  itself.  The 
wires  were  wound  on  a form,  and  porcelain  baked 
around  them  so  as  to  insulate  them,  hold  them  in  posi- 
tion, and  also  afford  a passage  way  for  the  air.  In 
fact  the  walls  of  the  tip  were  the  heating  surface  and 
the  air  became  heated  as  it  escaped  from  the  point. 
Those  who  have  attempted  carrying  heated  air  through 
a rubber  tube  of  any  kind  will  see  the  wisdom  of  this 
device;  for  it  is  impossible  to  carry  a jet  of  warm  air 
any  distance  through  a rubber  tube.  Unfortunately 
this  appliance  is  not  upon  the  market.  The  Electro 
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Fig.  142.— S.  S.  White  Electric  Warm  Aik  Syringe. 
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Dental  Company,  of  Philadelphia,  however,  has  one 
which  embodies  nearly  all  the  details  of  Doctor  Was- 
sail’s warm-air  tip.  This  is  shown  in  Fig.  143. 

In  order  to  produce  a jet  of  warm  air  at  an  abso- 
lutely even  heat,  three  things  are  necessary.  The  air 
pressure  must  be  uniform,  the  heat  of  the  syringe  must 
be  uniform,  and  the  tip  must  be  held  the  same  distance 
from  the  tooth.  To  have  a steady  air  pressure,  one 
must  be  equipped  with  compressed  air.  This  may  be 
anywhere  from  five  to  fifteen  pounds,  but  whatever  its 
pressure  it  must  be  always  the  same  when  using  the 
warm  air  for  sensitive  dentine.  The  best  method  of 
obtaining  this  is  to  use  a sixty-gallon  kitchen  tank  as 
a reservoir,  and  keep  this  supplied  by  an  automatic  ap- 
pliance, such  as  the  electric  air  compressor  described  on 
previous  pages,  or  by  means  of  a water-operated  beer 
pump.  All  of  these  appliances  can  be  set  to  operate  at 
a given  pressure. 

The  heat  of  the  tip  must  be  uniform.  Herein  lies 
the  value  of  electrical  heat  for  this  purpose.  Having 
once  arrived  at  the  proper  heat  for  sensitive  dentine 
and  for  a pulpless  tooth,  the  rheostat  lever  can  be  placed 
upon  the  proper  button  with  the  assurance  that,  so  far 
as  the  electrical  part  is  concerned,  the  heat  will  be  of 
the  proper  temperature.  Ho  agent  can  take  the  place  of 
an  electrically  heated  wire  for  this  purpose.  The  abso- 
lute reliability  of  electricity,  the  purity  of  the  heat,  the 
perfection  of  control,  and  ease  of  manipulation  are 
properties  not  to  be  had  in  any  other  agent  or  method. 

The  distance  from  the  tooth  must  also  be  approxi- 
mately the  same.  Nearly  every  dentist  bv  habit  places 
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Fro.  11:?.—  Electro  Dental.  Wakm  Aik  Appliance. 
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the  syringe  point  about  the  same  distance  from  the  cavity 
each  time  and  he  can  acquire  the  same  habit  with  the 
electrically  heated  tip. 

The  author  exhibited  in  his  dental  cabinet  at  Chicago 
in  1893  a warm-air  appliance  which  was  entirely  auto- 
matic in  its  operation.  The  simple  act  of  taking  the 
warm-  air  instrument  from  its  place  in  the  cabinet  closed 
the  circuit  to  a small  motor  in  the  base  of  the  cabinet 
and  also  the  circuit  of  the  wann-air  appliance  in  the 
tip.  Both  the  air  pressure  of  six  pounds  and  the  heat 
of  the  tip  were  attained  before  the  mouth  of  the  patient 
was  reached.  It  also  has  a valve  by  which  the  air  is 
passed  through  a wash  bottle  of  alcohol  or  the  essential 
oils  on  the  way  to  the  nozzle,  so  that  if  desired,  the  air 
is  laden  with  either  the  vapor  of  alcohol  or  the  essential 
oils,  and  these,  too,  at  blood  temperature  for  sensitive 
dentine,  or  as  a hot  blast  for  pulpless  teeth.  This  in- 
strument with  but  slight  modification  and  renewed 
rubber  tube  is  a most  satisfactory  one  to  this  day.  Xo 
instrument  is  appreciated  so  highly  by  the  patient  as 
this  appliance,  and  especially  those  patients  who  have 
once  had  a cavity  wiped  out  with  a pellet  of  cottou  sat- 
urated with  alcohol,  itself  cold,  then  followed  by  a hot 
blast  from  an  ordinary  hot-air  syringe. 

ELECTRIC  GUTTA-PERCHA  PLUGGER. 

Electric  heat  has  been  utilized  by  Dr.  L.  A.  Faught. 
in  the  packing  of  gutta-percha.  He  has  designed  an 
instrument  shown  in  Fig.  144  in  which  the  plugger 
point  is  kept  at  a constant  heat  by  an  electric  current. 
The  current  is  conveyed  to  the  instrument  in  the  usual 
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manner  and  the  heat  may  be  regulated  to  any  desired 
degree  by  means  of  a rheostat. 

The  advantages  of  this  instrument  over  one  heated 


We  now  come  to  three  simple  de- 
vices operated  electrically,  which 
although  not,  essential  are  great 
conveniences,  and  where  the  dental 
office  is  equipped  with  a current 
for  other  appliances,  they  can  be 
added  with  very  little  trouble  or 
expense.  These  devices  are  the 
electric  sterilizer,  electric  match, 
and  warm  water  appliance. 

It  is  unnecessary  to  call  atten- 
tion to  the  value  of  heat  for  ster- 
ilization. This  can  be  secured 

S 

electrically  by  either  a wet  or  dry 

Fig.  144.— Dr.  F aught’s  . , 

Electric  Gutta-Percha  method.  A vessel  of  water  may 

plugger.  be  kept  at  tpe  boiling  point  either 

by  the  use  of  ordinary  electric  heaters  immersed  in  the 

vessel,  or  an  electric  lamp.  An  electric  soldering  iron 

which  is  to  be  had  on  the  market,  with  its  handle  re- 


over  a flame  are  three : The  heat 

can  he  perfectly  controlled  by 
means  of  the  rheostat,  there  is  no 
danger  of  overheating  the  gutta- 
percha, and  the  instrument  main- 
tains a constant  heat  throughout 
the  operation. 

ELECTRIC  STERILIZER. 
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moved,  or  an  electric  lamp  of  candle-power  varying 
according  to  the  size  of  the  vessel  will  keep  a large  vessel 
of  water  at  the  boiling  point.  The  lamp  should  be  im- 
mersed, bidb  end  down  in  order  to  simplify  the  construc- 
tion of  the  appliance.  This  arrangement  assures  dry- 
ness of  the  socket  and  also  a convenient  method  of  turn- 
ing the  current  on  or  off.  If  a short  lamp  is  used  such 
as  is  usually  employed  for  focusing  purposes,  and  with 
a green  globe,  the  appliance  can  be  made  quite  orna- 
mental. If  a lamp  is  used  in  this  manner,  a four-candle- 
power  lamp  will  heat  a pint  of  water  to  the  boiling  point 
and  higher  candle-power  lamps  a larger  quantity  of 
water. 

The  usual  form  of  steam  sterilizer  for  dental  instru- 
ments which  is  upon  the  market  and  which  is  designed 
to  be  heated  by  a gas  jet  can  be  heated  by  electricity  in 
the  following  manner:  A piece  of  one-quarter  inch 

asbestos  card-board  is  cut  out  the  size  of  the  bottom 
of  the  vessel.  Thirty  feet  of  twenty-six  gauge  ‘“cli- 
max” resistance  wire  is  crimped  in  the  cogs  of  the  den- 
tal rolls  and  this  having  been  annealed  by  the  passage 
of  the  electric  current  through  it,  is  spread  back  and 
forth  upon  the  asbestos  board  and  bound  thereto  by 
means  of  little  staples  of  the  same  wire,  care  being  ob- 
served that  neighboring  rows  of  wire  do  not  contact  with 
one  another.  A second  piece  of  asbestos  card-board  of  the 
same  size  but  about  twice  the  thickness  is  bound  to  the 
back  of  the  first  piece  to  prevent  the  radiation  of  heat, 
and  also  to  prevent  any  accidental  short-circuiting  of 
the  wire  staples.  The  bottom  of  the  vessel  having  been 
covered  with  a layer  of  thin  mica  like  that  employed 
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for  stove  windows,  it  is  then  placed  upon  the  wires  of 
the  asbestos  pad  and  hr  inly  bound  thereto.  If  the  two 
terminal  wires  be  connected  to  the  one  hundred  and 
ten  volt  circuit,  the  water  of  the  vessel  will  be  continu- 
ously kept  at  the  boiling  point.  Thirty  feet  of  twenty- 
six  gauge  climax  resistance  wire  will  give  the  proper 
resistance  for  one  hundred  and  ten  volts,  and  if  the 
same  is  to  be  used  upon  the  fifty-two  volt  current  it  can 
be  done  by  connecting  one  wire  to  the  middle  of  the 
thirty  feet  and  the  other  wire  to  the  two  ends.  By  this 
arrangement  the  two  halves  are  thrown  in  parallel  and 
fifty-two  volts  will  produce  about  the  same  heat  that 
one  hundred  and  ten  volts  produce  when  the  halves  are 
in  series. 

The  second  method  of  electric  sterilization  is  by  dry 
heat.  This  can  be  accomplished  by  using  a bath  of 
clean  white  sand  in  which  the  instrument  points  can  be 
buried.  The  sand  is  heated  to  the  proper  temperature 
bv  a coil  of  german-silver,  or  climax  resistance  wire, 
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arranged  on  the  inner  surface  of  the  containing  vessel. 
After  a little  experimental  work,  the  exact  amount  of 
wire  to  give  the  proper  heat  can  be  arrived  at.  The 
varying  conditions  of  voltage,  size  of  vessel,  and  indi- 
vidual requirements,  are  so  widely  different  that  a 
fixed  size  and  length  of  wire  cannot  be  given.  Yet  to 
begin  with,  the  dentist  for  the  one  hundred  and  ten  volt 
current,  may  take  twenty-five  feet  of  thirty  gauge  ger- 
man-silver wire  or  about  thirty  feet  of  twenty-four 
gauge  climax  resistance  wire.  If  for  a very  small 
vessel  for  engine  points  alone,  ten  feet  of  thirty-two 
gauge  climax  wire  may  be  used.  If  for  the  fifty-two 


334 


I)  ENT  A L,  K LECTRKTT  Y 


volt  current,  about  half  this  length  of  wire  will  he  neces- 
sary. 

Another  method  of  obtaining  dry  heat  for  steriliza- 
tion is  to  construct  a small  oven  of  sheet  iron  and  use 
within  it  an  eighth  horse-power  Carpenter  enamel  rheo- 
stat for  the  heating  agent.  This  rheostat  will  give  a fixed 
heat  and  the  temperature  of  the  oven  can  he  easily 
varied  to  suit  the  requirements  by  means  of  a ventilat- 
ing window  at  the  top.  The  rheostat  should  he  fixed 
upon  the  bottom  with  the  lever  projecting  through  a 
slot  in  the  front,  which  is  only  large  enough  to  allow  of 
the  lever  being  used  upon  the  first  two  buttons.  In  this 
manner  the  lever  can  also  he  used  to  cut  off  the  current 
and  the  opening  through  the  sheet-iron  at  this  place 
permits  the  ingress  of  air  for  regulating  purposes,  the 
regulating  shutter  being  the  one  above. 

WARM  WATER. 

One  of  the  most  pleasing  and  convenient  methods  of 
having  a ready  supply  of  warm  water  for  syringe  use 
at  the  chair  is  by  the  use  of  electricity  for  this  purpose. 
The  author  uses  an  appliance  of  his  own  design,  a 
side-view  illustration  of  which  is  given  in  Tig.  145.  A 
mahogany  block  four  by  ten  inches,  has  at  the  lower 
margin  a socket  for  an  electric  lamp,  to  receive  one  of 
the  shortest  standard  lamps  made.  Just  above  this  is 
a bowl  of  green  Venetian  glass  about  the  size  of  a large 
teacup.  This  bowl  is  deeply  concaved  under  its  base. 
This  concavity  rests  upon  the  lamp  as  shown.  The 
lamp  if  a four  candle-power  will  raise  the  water  to 
about  115  degrees  Fahrenheit  in  the  bowl,  while  that 
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in  the  bulb  will  always  be  found  to  be  within  a very  few 
degrees  of  blood  beat.  A higher  candle-power  lamp 
will  keep  the  water  too  warm  for  practical  use.  If 
a bracket  is  placed  above  the  bowl  for  the  mouth- 
mirrors,  they  will  be  kept  warm,  and  the  fogging  which 
is  always  present  upon  cold  mirrors  will  be  overcome. 

The  amount  of  current  used  by  this  appliance  is 
so  little  that  the  dentist  can  afford  to  burn  the  lamp 


all  day.  If  rain  or  filtered  water  be  used  in  the  bowl 
there  will  be  very  little  precipitation  from  the  evapora- 
tion and  the  green-glass  lamp  will  give  an  ornamental 
effect  that  is  pleasing  to  the  patient. 

The  Electro  Dental  Company  has  a warm  and  hot- 
water  appliance  upon  the  market  which  is  shown  in 


Fig.  146.— Electro  Dental  Water  Heater. 

glass  by  conduction  heats  the  water  within.  This  is  a 
very  simple  and  neat  appliance  for  the  purpose. 

THE  ELECTRIC  MATCH. 
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figure  146.  This  appliance  is  wired  to  give  both  warm 
and  hot  water.  The  base  is  electrically  heated  and  the 


The  electric  match  is  about  the  only  one  that  can  he 
relied  upon  to  ignite  every  time.  This  instrument 
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was  first  exhibited  by  tlie  author  as  a part  of  bis  elec- 
trical cabinet  in  1893.  It  consists  of  a vulcanite  han- 
dle with  two  projecting  springs,  which  are  tipped  with 
platinum,  or  preferably  with  carbon.  The  object  in 
using  either  of  these  for  the  tips  is  that  the  spark  in 
time  would  affect  other  metals  which  might  be  used  for 
the  purpose,  and  preference  is  given  to  carbon  because 
of  its  certainty  of  electrical  contact,  large  spark,  and 
cheapness.  If  the  ends  of  the  wires  have  small  cups 
one-eighth  of  an  inch  in  diameter  hard  soldered  there- 
on, small  pieces  of  one-eighth  inch  carbon  may  be  ce- 
mented in  them  with  a cement  made  from  carbon  dust 


Fig.  117.— Author’s  Electric  Match. 


and  sugar  syrup.  The  metal  cups  should  be  fixed  at 
an  angle  of  about  forty-five  degrees  as  shown  in  Tig. 
147. 

This  fixture  is  hung  at  any  convenient  place  near  the 
chair  by  the  cord  which  conducts  the  current  thereto. 
The  resistance  for  the  match  to  give  the  proper  spark 
should  be  about  the  same  as  that  for  an  eighth  horse- 
power motor,  or  for  the  electric  gold  annealer,  and 
either  one  of  these  can  be  used  for  that  purpose.  By 
connecting  the  two  wires  from  the  match  around  the 
switch  which  operates  either  the  engine  or  the  annealer, 
it  takes  the  place  of  the  switch  and  the  spark  which 

would  appear  at  the  switch  now  appears  at  the  match. 
22 
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The  match  is  operated  simply  by  pressing  the  springs 
together  till  the  points  touclp  when  a small  arc  will  he 

struck.  This  can  be  maintained  indefinitely  bv  hold- 
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ing  the  points  about  an  eighth  of  an  inch  apart.  When 
through,  the  arc  will  be  extinguished  by  releasing  the 
springs. 

If  it  is  desired  to  have  a separate  resistance  for  the 
match,  a fifty  candle-power  lamp,  an  old  small  motor 
rheostat,  or  a two  hundred  watt  resistance  lamp  will 
answer  the  purpose. 

Any  number  of  these  matches  can  be  operated  from 
the  same  resistance  by  connecting  thereto,  the  neces- 
sary requirement  being  an  individual  cord  running  to 
the  place  where  each  match  is  hung.  These,  to  be 
convenient,  are  hung  at  each  gas  bracket  or  valve. 

THE  ELECTRICAL  MELTING  OF  PLATINUM. 

The  form  of  heat  employed  in  all  the  foregoing  ex- 
cept the  electric  match,  is  that  produced  by  the  resist- 
ance of  a metal  or  carbon  conductor.  The  range  of  heat 
in  these  cases  was  limited  by  the  fusing  point  of  the 
metal.  We  now  come  to  a form  of  heat  in  which  the  elec- 
tric current  without  any  conductor  produces  the  heat. 
If,  with  a given  pressure,  we  introduce  into  the  circuit  a 
short  piece  of  metal  of  moderately  high  resistance,  such 
as  an  iron  wire,  the  wire  will  become  heated  to  a certain 
degree.  If  now  we  substitute  for  the  iron  wire,  one 
of  german  silver,  whose  electrical  resistance  is  about 
twice  that  of  iron,  the  german  silver  will  be  raised  to 
about  twice  the  heat  of  the  iron.  And  so  we  may  go  on 
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increasing  the  resistance  and  with  that  the  heat  until 
we  have  the  tremendous  heat  of  the  electric  arc.  In 
the  electric  arc  we  have  no  metal  of  any  kind  to  act 
as  a path  for  the  current  however  high  its  resistance 
may  he,  but  we  have  instead  the  atmosphere,  whose  re- 
sistance is  infinite.  The  atmosphere  is  a non-conduc- 
tor ordinarily  and  the  current  in  passing  through  it  ex- 
hibits itself  in  the  form  of  heat  alone.  It  is  for  this 
reason  that  the  heat  of  the  electric  arc  is  the  highest 
that  man  can  produce.  It  is  so  high  that  its  measure- 
ment is  not  an  absolute  certainty,  but  it  is  estimated 
at  about  six  thousand  degrees  Fahrenheit. 

The  electric  arc,  on  a commercial  circuit  is  produced 
by  touching  two  live  terminals  together,  and  then  with- 
drawing them.  It  requires  about  forty-five  volts  to 
maintain  it  when  once  established  by  prior  contact,  but 
to  establish  it  without  previous  contact  requires  a pres- 
sure of  about  fifty  thousand  volts  for  every  inch.  The 
arc  having  once  been  established,  however,  the  current 
continues  to  flow  across  the  break  until  the  distance  be- 
comes too  great,  when  it  ceases. 

In  order  to  make  practical  use  of  this  intense  heat 
in  dentistry  and  especially  for  the  fusing  of  platinum, 
the  scrap  of  which  heretofore  was  practically  worth- 
less except  for  the  small  price  that  was  paid  for  it  as 
scrap,  the  author  in  1893  devised  a method  of  using  the 
electric  arc  for  this  purpose.  This  method  can  best  be 
used  upon  the  one  hundred  and  ten  volt  constant  cur- 
rent and  will  be  described  for  such. 

The  method  of  1893  was  found  to  produce  a very 
hard  platinum.  This  was  followed  up  in  detail  by 
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the  author,  and  in  1898,  he  devised  a method  of  pro- 
ducing soft  platinum,  as  soft,  indeed,  as  new  platinum. 
The  difference  between  the  two  was  not  due  to  a differ- 
ent form  of  heat  hut  to  the  presence  or  absence  of  car- 
bon, wdiile  fusing  the  platinum. 

The  first  method  and  that  for  producing  hard  plati- 
num, is  as  follows:  From  eight  to  twelve  ohms’  resist- 

ance is  introduced  in  the  circuit  to  prevent  blowing 


Fig.  US.— Carbon  Process  for  Fusing  Pratinux. 

r u_i  , 

out  the  fuses.  A special  rheostat  can  he  made  for  this 
purpose  by  using  about  sixty  feet  of  Xo.  14  german- 
silver  wire.  A large  size  electric  oven  can  also  be  used 
as  a resistance  by  connecting  one  wire  to  the  oven  and 
the  other  wire  to  the  free  main.  These  wires  should  he 
about  sixteen  or  eighteen  gauge  lamp  cord.  The  two 
terminals  are  now  tested  for  polarity  by  dipping  in 
acidulated  water.  Bubbles  of  gas  will  form  on  the  nega- 
tive. Attach  this  terminal  to  a long  electric  lia'lit  carbon 
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and  the  other  terminal  to  a piece  of  carbon  battery  plate 
as  shown  in  Fig.  148. 

By  connecting  in  this  manner  the  platinum  scrap 
becomes  the  positive  pole  which  is  the  hotter  of  the 
two.  There  will  he  more  rapid  fusing  of  the  plati- 
num and  less  noise  than  if  the  connections  were 
reversed. 

When  the  connections  have  been  made  the  platinum 
scrap  is  heaped  up  in  the  center  of  the  carbon  block. 
The  pencil  is  then  brought  to  touch  the  platinum  and 
then  withdrawn  a short  distance  easily  determined 
by  trial.  An  arc  is  thus  established  and  the  platinum 
which  forms  the  positive  terminal  is  quickly  melted. 
With  twelve  ohms’  resistance,  from  six  to  eight  penny- 
weight can  be  fused  at  once,  and  with  eight  ohms, 
nearly  an  ounce  can  be  fused  in  a body.  By  this  is 
meant  that  the  whole  mass  will  be  in  a melted  condition 
at  one  time.  There  is  no  limit,  however,  to  the 
amount  that  can  be  formed  into  a single  piece.  It  is 
not  necessary  to  have  the  whole  mass  in  a melted  state 
at  one  time.  The  edge  of  it  only  may  be  melted  and 
the  new  metal  added  while  in  that  condition.  The 
author  has  melted  over  ten  ounces  into  one  rod  in  this 
manner  and  it  was  so  uniform  that  it  was  afterwards 
drawn  out  into  a fine  wire. 

The  light  of  the  arc  is  so  intense  that  the  eyes  should 
be  protected  by  the  use  of  the  darkest-colored  glasses 
that  can  be  obtained. 

While  the  dentist  is  dealing  with  one  of  the  most 
wonderful  electrical  phenomena  in  fusing  platinum,  if 
he  is  using  the  one  hundred  and  ten  volt  constant  cur- 
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Tent  there  is  no  danger  of  more  than  a slight  shock 
.should  he  accidentally  complete  the  circuit  through 
■himself.  lie  can  therefore  handle  the  carbon  pencil 
■with  his  hare  hands,  with  impunity. 

The  platinum  which  is  fused  by  the  foregoing,  which 
we  may  call  the  carbon  process,  becomes  somewhat 
harder  than  new  platinum.  This  is  due  to  its  taking 
up  carbon  while  in  the  melted  state.  It  appears  that 
platinum  is  affected  in  a manner  similar  to  iron  by 
the  addition  of  a small  percent,  of  carbon.  It  becomes 
hard  and  even  brittle,  according  to  the  amount  of  car- 
bon. A nugget  of  platinum  which  has  been  instantly 
fused  by  the  carbon  process  cannot  be  detected  from  new 
platinum,  but  if  the  process  be  kept  up  for  half  a min- 
ute, it  will  show  a marked  increase  in  stiffness.  It  be- 
comes like  platino-iridium,  and  if  the  process  is  kept- 
up  for  some  minutes,  the  platinum  becomes  brittle  and 
when  struck  with  a hammer  may  fly  to  pieces. 

The  platinum  fused  by  the  carbon  process  is  of  spe- 
cial value  where  stiffness  and  strength  are  needed.  By 
actual  test,  with  the  proper  proportion  of  carbon  this 
platinum  possesses  almost  twice  the  stiffness  of  new 
platinum,  and  for  this  reason  it  makes  the  best  df 
material  for  making  the  pin  of  a crown,  the  frame  work 
of  a bridge,  for  the  back  lining  in  continuous  gum 
-.cases,  and  for  strengthening  gold  fillings. 

The  second  method  of  fusing  platinum  whereby  it 
retains  its  virgin  ductility  was  devised  by  the  author 
in  1897  and  may  be  called  the  lime  process.  It  is  pre- 
cisely the  same  as  the  carbon  process  except  that  a 
block  of  unslaked  lime  is  used  instead  of  the  carbon 


HEAT 


343 


plate  and  a platinum-pointed  pencil  takes  the  place  of 
tlie  arc-light  pencil.  In  so  doing  there  is  no  carbon 
present  and  the  platinum  being  unaffected  by  the  lime, 
appears  as  soft  as  new  platinum. 

The  block  of  lime  should  be  made  level  on  top  if  the 
platinum  is  to  be  used  for  a plate,  and  it  should  be 
grooved  slightly  if  to  be  made  into  a wire.  The  lime  is 
not  a conductor  of  electricity  as  is  carbon,  it  only  acts 
as  a receptacle  for  holding  the  platinum,  whereas  the 


Fig.  149.— Limb  Process  for  Fusing  Platinum. 


carbon  plate  is  both  a conductor  and  a receptacle.  Elec- 
trical connection  is  therefore  made  bv  tying  a piece  of 
heavy  platinum  wire  or  preferably  several  smaller  wires 
to  the  end  of  the  positive  wire.  This  makes  a platinum 
terminal  for  the  wire  which  is  laid  on  the  block  of  lime, 
and  the  platinum  scrap  heaped  upon  that  as  shown  in 
Eig.  149.  This  completes  the  metallic  connection  to  the 
platinum  scrap.  When  the  scrap  has  been  fused  the 
terminal  wire  is  severed  from  the  nugget. 
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Tlie  platinum-pointed  pencil  should  be  made  by  using 
a piece  of  brass  rod  five-eighths  of  an  inch  in  diameter 
and  about  eight  inches  long,  with  a wooden  handle 
thereon.  The  other  end  of  the  rod  contains  a slot  in 
which  a nugget  of  platinum  of  at  least  half  an  ounce  in 
weight  is  bound.  This  nugget  while  not  very  large 
will  not  fuse  because  of  its  negative  polarity  and  of  its 
attachment  to  the  metal  rod  which  conducts  the  heat 
away. 

When  fusing  by  this  method  there  will  be  a tendency 
of  the  scrap  and  nugget  to  unite  while  either  melted  or 
by  cohesion,  but  a little  experience  will  teach  one  how 
this  can  be  avoided.  A fine  carbon  pencil,  or  even  the 
lead  from  a lead  pencil  can  be  used  between  the  plati- 
num point  and  the  scrap  to  establish  the  arc,  and  then 
withdrawn  without  measurably  affecting  the  ductility 
of  the  platinum. 

Platinum  which  has  been  fused  by  the  lime  process 
comes  out  as  soft  and  ductile  as  new  platinum,  and  will 
be  found  to  possess  all  its  properties.  It  is  even  pos- 
sible to  burn  out  impurities  by  this  method,  so  that 
prolonged  melting  is  also  a refining  process.  This 
platinum  can  be  used  for  swaging,  for  backings,  and 
for  inlay  matrices,  and  in  fact  for  all  those  purposes 
where  soft  platinum  is  indicated. 


CHAPTER  VIII. 


Light. 

In  all  the  applications  of  electric  light  it  has  no 
more  fitting  place  than  in  the  dental  office.  The  nature 
of  the  operating  room  calls  for  a clean  and  safe  light. 
The  electric  light  does  not  rob  the  air  of  its  oxygen 
and  it  does  not  vitiate  it  with  the  products  of  combus- 
tion. An  electric  light  can  be  placed  at  any  convenient 
point  about  the  chair  and  in  positions  where  a gas  flame 
would  be  impractical.  A fifty  candle-power  lamp  may 
be  poised  within  a short  distance  of  the  patient,  or  a 
two  candle-power  lamp  can  be  used  within  the  mouth, 
without  danger  or  discomfort  to  either  patient  or  the 
operator.  Moreover,  the  ornamental  style  in  which  elec- 
tric light  fixtures  are  now  supplied,  permits  of  many 
pleasing  designs  for  lighting.  An  ornamental  figure 
can  be  made  to  hold  a chain  of  series  lamps,  or  another 
figure  can  be  used  for  holding  a large  lamp  for  the 
chair.  While  these  fixtures  are  highly  useful  to  the 
dentist,  they  are  also  pleasing  to  the  patient. 

It  is  unnecessary  to  go  into  the  details  of  the  electric 
lamp  and  its  construction,  further  than  in  a general 
way.  The  incandescent  lamp  consists  essentially  of  a 
carbon  filament  enclosed  in  a glass  bulb.  Tn  order  to 
produce  light,  the  filament  must  be  raised  to  a very  high 
heat.  If  this  were  done  in  the  atmosphere  the  carbon 
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would  be  consumed.  Por  this  reason  the  filament  is  en- 
closed in  a glass  bulb  from  which  the  air  has  been  ex- 
hausted. At  the  small  end  of  the  bulb,  two  pieces  of 
platinum  wire  are  sealed  in  the  glass,  to  the  inner  ends 
of  which  are  attached  the  two  ends  of  the  carbon  fila- 
ment, and  to  the  outer  ends  two  copper  wires  which  are 
soldered,  one  to  the  threaded  shell  of  the  base,  and  the 
other  to  the  button  in  the  middle.  When  this  is  screwed 
in  a socket  electrical  connection  is  made  with  the  mains. 

Carbon  is  used  for  the  filament  because  it  will  with- 
stand a very  high  heat  when  excluded  from  the  air. 
The  filament  in  a sixteen  candle-power,  one  hundred  and 
ten  volt  lamp,  is  about  seven  inches  long,  and  six-thou- 
sandths of  an  inch  in  diameter.  This  has  a resistance 
of  about  two  hundred  and  twenty  ohms,  and  such  a 
lamp  is  usually  estimated  to  consume  about  half  an 
ampere. 

The  average  life  of  an  incandescent  lamp  is  estimated 
at  five  hundred  hours.  If  it  is  used  on  a current  whose 
voltage  does  not  rise  higher  than  the  lamp  is  intended 
for  it  will  last  much  longer  than  the  foregoing  esti- 
mate. A few  moments  of  over  voltage,  however,  will 
soon  ruin  the  lamp.  During  the  life  of  a lamp  it  is 
most  efficient  at  first,  and  gradually  diminishes  until, 
if  it  does  not  burn  out,  it  becomes  worthless  because 
of  its  increasing  resistance  and  because  of  the  blacken- 
ing of  the  inside  of  the  bulb  by  a deposit  of  carbon. 
The  lamp  gives  but  little  light  and  consumes  so  much 
current  comparatively  that  it  should  be  exchanged. 

The  miniature  lamp  is  constructed  in  precisely  the 
same  manner  as  the  large  ones,  except  that  the  whole 
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proportions  are  much  smaller.  This  form  of  lamp  when 
properly  mounted  makes  a mouth  lamp,  which  is  one 
of  the  most  important  dental  adjuncts. 

The  electric  lamp  makes  the  ideal  light  for  the  dental 
chair.  It  is  an  easy  matter  to  poise  one  at  a convenient 
distance  and  position  from  the  patient.  One  of  the 
first  lamps  upon  the  market  for  use  as  an  operating 
lamp  is  that  made  by  the  S.  S.  White  Company  and 
shown  in  Fig.  150. 


Fig.  150.— S.  S.  White  Light  foe  the  Head  Rest. 


This  is  to  he  attached  to  the  head  rest  of  the  chair. 
A plate  is  permanently  fastened  underneath  the  same 
and  the  lamp  support  is  quickly  sprung  into  this  by 
means  of  a slip  joint.  The  lamp  as  first  supplied  with 
this  appliance  was  one  of  about  four  candle-power  which 
was  used  in  series  with  a larger  lamp  for  resistance. 
Since  that  time  lamp  manufacturers  have  so  improved 
in  their  construction  that  a six  or  eight  candle-power 
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lamp  can  be  made  small  enough  to  be  contained  in  the 
reflecting  hood.  The  latter  lamp  needs  no  extra  resist- 
ance. 

The  Victor  Electric  Company  supplies  a lamp  as 
shown  in  Eig.  151,  which  is  to  be  worn  on  the  head. 


Fig.  151.— Victor  Head  Lamp. 

In  some  respects  this  is  the  ideal  lamp.  It  casts  no 
shadow  and  the  operator  has  at  all  times  good  illumina- 
tion of  the  field  of  operation. 

The  author  has  used  with  considerable  satisfaction  a 
focus  lamp  shown  in  Fig.  152.  This  is  made  by  the 
General  Electric  Company  for  stereopticon  purposes. 
It  is  a fifty  candle-power  and  when  mounted  on  a flexi- 
ble bracket  arm  such  as  may  be  had  at  any  electrical 
supply  house  it  is  a most  convenient  and  efficient  fix- 
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Fig.  152. — Stereopticon  La  mi 
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ture.  A reflecting  shade  can  easily  be  adjusted  to  the 
lamp  socket  which  may  be  turned  at  such  an  angle  as  to 
intensify  the  light  and  at  the  same  time  shade  the  pa- 
tient’s eyes. 

The  lamps  just  referred  to  are  for  use  as  general  oper- 
ating lamps,  for  dark  days,  and  at  the  close  of  the  day, 
and  are  best  operated  on  commercial  currents.  We 
come  now  to  the  miniature  lamp  which  is  to  he  used 
within  the  mouth  and  which  is  for  the  special  purpose 
of  examination  and  diagnosis,  for  the  detection  of  pulp- 
less teeth,  engorgement  of  the  antrum,  of  cavities  and 
especially  those  between  the  teeth.  The  extent  of  many 
abscesses  can  often  he  outlined  by  this  means.  The 
miniature  lamp  is  to  he  used  as  often  in  the  day  time 
as  upon  dark  evenings,  and  may  be  operated  upon  either 
the  commercial  current  with  the  proper  resistance,  or 
by  a small  battery. 

As  with  the  head  rest  lamp  the  S.  S.  White  Company 
was  among  the  first  to  introduce  a lamp  for  the  mouth. 
This  as  shown  in  Fig.  153  consists  of  a handle  Avith  the 
lamp  and  reflecting  mirror  mounted  at  one  end.  A 
feature  of  this  lamp  is  the  convenient  device  for  regu- 
lating it.  A small  rheostat  is  made  a part  of  the  handle 
whereby  the  lamp  can  he  easily  and  quickly  adjusted 
for  the  strength  of  current  by  the  simple  sliding  of  the 
ring  seen  near  the  middle  of  the  handle.  This  lamp 
may  he  operated  by  a feAV  dry  cells  or  upon  the  com- 
mercial current  in  series  Avith  a thirty-tAVO  or  a fifty 
candle-poAA76r  lamp. 

The  Ritter  Rental  Manufacturing  Company  supplies 
a mouth  lamp  which  is  shoAvn  in  Fig.  154.  The  lamp 


Fig.  103.— S.  S.  White  Mouth  Lamp. 
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is  encased  in  an  aluminum  handle  and  shield  making 
it  light  and  clean.  This  lamp  is  intended  to  be  operated 
by  dry  cells  which  are  encased  in  the  wall  cabinet  to 
the  left. 


The  Victor  Electric  Company  also  has  a mouth  lamp 
upon  the  market.  This  has  been  equipped  for  both  the 
commercial  current  and  for  battery  use.  The  lamp  is 
encased  in  the  end  of  a long  tube  which  is  so  constructed 
that  the  current  cannot  reach  the  patient  in  case  of  any 
accidental  grounding  of  the  wires.  When  it  is  to  be 
used  upon  the  commercial  current  a large  lamp  is  used 
for  resistance  as  shown  in  Fig.  155. 
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The  mouth  lamp  not  being  an  every-day  necessity, 
the  makers  have  provided  for  this  by  using  a current 
tap  base  upon  the  lamp,  which  makes  a complete 
outfit  ready  for  use  when  screwed  in  an  ordinary  lamp 
socket. 

When  the  lamp  is  to  be  operated  by  a battery  it  is 
supplied  with  a foot  button  by  which  the  lamp  can  be 
operated  intermittently,  a convenient  feature  in  many 


Fig.  155.— Victor  Mouth  Lamp  for  Use  upon  the 
Commercial  Current. 

instances.  It  moreover  saves  considerable  current,  an 
item  not  to  be  overlooked  when  the  lamp  is  operated 
by  a battery,  for  in  practice  the  lamp  without  a switch 
is  burned  as  much  out  of  the  mouth  as  it  is  within  it. 

The  Browning  Manufacturing  Company  supplies  a 
mouth  lamp  to  be  operated  by  a battery  giving  from 
four  to  ten  volts.  The  lamp  is  enclosed  in  an  aluminum 
shield  and  inasmuch  as  this  lamp  is  not  to  be  used  on  a 
commercial  current  the  metal  shield  will  not  endanger 
the  patient. 

23 
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A cautery  and  root-drier  also  shown  in  the  illustration 
are  interchangeable  with  the  mouth  lamp. 

The  Garhart  Dental  Manufacturing  Company  manu- 
factures a neat  little  mouth  lamp,  the  invention  of  Mr. 
E.  E.  Werner,  which  is  to  he  used  interchangeably  with 
their  root-drier  as  shown  in  Figs.  141  and  158.  This 


Fig.  156.— Victor  Lamp  Operated  by  Battery. 


is  designed  to  be  operated  on  any  commercial  current 
used  for  lighting.  The  connecting  cord  which  conducts 
the  current  to  the  lamp  contains  a fine  resistance  wire 
which  acts  in  a two-fold  manner:  While  it.  conducts  the 
current  it  at  the  same  time  gives  the  proper  resistance 
to  cut  the  current  down  to  the  proper  strength  for  the 
lamp,  thus  overcoming  the  necessity  of  a separate  resist- 
ance block. 
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The  special  feature  of  encasing  a suitable  resist- 
ance in  the  conducting  cord  itself  is  novel  and  a most 
satisfactory  method  of  introducing  the  necessary  resist- 
ance when  operating  small  lamps  upon  commercial  cir- 
cuits. 

The  dentist  can  easily  make  his  own  mouth  lamp  if 
he  so  desires.  In  selecting  a miniature  lamp  from  a 
catalogue  for  the  purpose  of  making  one,  if  a one  candle- 
power  lamp  is  desired,  and  it  is  to  be  used  in  series 
with  a thirty-two  candle-power  lamp  on  the  one  hundred 
and  ten  volt  current,  then  the  mouth  lamp  should  be 


Fig.  157.— Browning  Mouth  Lamp. 


rated  to  consume  one  ampere,  for  the  reason  that  the 
large  lamp  which  is  used  for  resistance  allows  that  much 
current  to  flow  and  the  additional  length  of  filament  in 
the  small  lamp  will  cause  no  appreciable  diminution  of 
curent.  If  the  small  lamp  should  be  rated  to  consume 
half  an  ampere  of  current  then  a sixteen  candle-power 
lamp  will  give  the  proper  resistance  on  the  one  hundred 
and  ten  volt  current.  If  the  small  lamp  is  to  be  used 
on  the  fifty-five  volt  current  then  the  resistance  lamp 
should  be  half  the  above  candle-power,  for  it  should  be 
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Fig.  158.— Werner  Mouth  Lamp. 
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borne  in  mind  that  as  the  voltage  of  lamps  of  rated 
candle-power  decreases  the  amperage  rises.  A sixteen 
candle-power  lamp,  for  instance,  requires  about  one- 
half  an  ampere  at  one  hundred  and  ten  volts,  or  one  am- 
pere at  fifty-five  volts.  To  obtain  the  finest  adjustment 
of  the  miniature  lamp  a dimmer  socket  such  as  is  upon 
the  market  can  he  used  in  conjunction  with  it. 

The  electric  bicycle  lamp  makes  a splendid  mouth 
lamp  when  properly  mounted  in  a handle.  This  may 
be  operated  by  the  battery  that  is  sold  with  it  or  a thirty- 
two  candle-power  one  hundred  and  ten  volt  lamp  usu- 
ally gives  the  proper  resistance  when  used  on  the  one 
hundred  and  ten  volt  current.  A black  rubber  tube 
should  have  a hood  vulcanized  upon  one  end  of  it  at  an 
angle  of  about  thirty  degrees.  This  hood  should  be 
large  enough  to  enclose  half  of  the  lamp.  If  the  hood 
be  lined  with  a thin  layer  of  plaster  of  paris  it  will  both 
reflect  the  light  and  serve  as  a non-conductor.  In  addi- 
tion to  this  the  glass  of  an  ordinary  mouth  mirror  can 
easily  be  adjusted  so  as  to  serve  in  its  usual  function. 
In  so  doing  care  must  be  exercised  in  insulating  the 
metal  back  from  the  wires  leading  to  the  lamp  for  it  is 
almost  impossible  to  use  the  lamp  without  allowing  the 
metal  parts  to  come  in  contact  with  the  cheek  or  lips  of 
the  patient. 

When  any  mouth  lamp  is  to  be  used  upon  a commer- 
cial current  the  operator  should  be  always  assured  as  to 
the  insulation  of  the  lamp.  It  should  be  encased  in  a vul- 
canite handle  in  which  no  metal  parts  are  exposed,  for 
it  is  an  easy  matter  to  obtain  a ground  through  the 
water  or  gas  pipes  and  especially  where  a fountain  cns- 
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pidor  is  attached  to  the  chair.  The  dentist  himself  can 
often  convey  a painful  shock  to  the  patient  when  using 
a commercial  current  without  himself  being  aware  of  it 
except  by  the  patient’s  behavior.  The  mucous  mem- 
brane of  the  mouth  is  extremely  sensitive  to  electric  cur- 
rents and  bv  reason  of  its  moisture  is  always  readv  to 
make  a good  contact.  Where  a fountain  cuspidor  is 
fastened  to  the  chair  a ground  can  be  established  if  by 
nothing  else  than  the  column  of  water  in  the  rubber 
tube.  When  operating  a foot  switch  with  damp  shoes 
an  accidental  grounding  will  be  sure  to  be  felt  by  the 
patient.  It  is  therefore  important  to  see  that  the  insu- 
lation of  the  mouth  lamp,  and,  indeed,  of  all  electrical 
instruments  used  about  the  mouth  is  of  the  very  best. 
The  author  as  a matter  of  security  from  any  such  acci- 
dents uses  a fiber  insulation  between  the  fountain  cus- 
pidor and  the  metal  work  of  the  chair.  This  is  suffi- 
cient to  protect  the  patient  from  a ground  in  touching 
the  metal  work  of  the  chair,  and  for  further  safety  the 
cuspidor  is  locked  at  some  distance  from  the  chair  arm 
so  that  this  cannot  be  directly  touched  by  the  patient. 


CHAPTER  IX. 

Electrolysis. 

In  May,  1800,  Nicholson  and  Carlisle  while  experi- 
menting with  the  galvanic  current,  which  at  that  time 
was  quite  new,  discovered  that  if  it  was  passed  through 
a vessel  of  water  the  fluid  would  be  decomposed  thereby. 
This  phenomenon  was  taken  up  by  Davy,  who  not  only 
made  further  study  of  it,  but  turned  it  to  practical  use. 
In  1807  he  succeeded  in  decomposing  the  so-called 
“fixed  alkalies,”  whose  composition  up  to  that  time  had 
been  unknown.  He  obtained  metallic  potassium  from 
pure  potash  by  electrolysis,  and  by  a similar  process 
soon  after,  he  obtained  sodium,  barium,  strontium,  cal- 
cium, and  magnesium. 

At  this  early  date  the  laws  governing  electrolysis 
were  noticed,  for  in  1806  Yolta,  in  referring  to  the  de- 
composition of  water,  speaks  of  the  oxygen  as  appearing 
at  the  positive  pole,  while  hydrogen  appeared  at  the 
negative  pole. 

The  term  “electrolysis”  has  reference  to  chemical 
changes  that  occur  when  an  electric  current  passes 
through  a conductor  of  the  second  class,  that  is,  a con- 
ductor which  is  a chemical  compound  either  in  a fused 
state  or  in  the  form  of  a solution.  The  essential  con- 
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ditions  permitting  of  electrolytic  action  are  a compound 
substance  and  a state  of  fluidity.  Grotthuss  supposes 
that  the  molecules  of  a solution  are  in  a constant  state 
of  vibration  in  all  possible  directions.  This  condition 
cannot  be  present  without  occasional  collisions  between 
the  molecules  at  which  time  and  under  certain  condi- 
tions, as  the  influence  of  an  electric  current,  there  may 
be  a change  of  partners.  Every  molecule  has  an  inher- 
ent electrical  charge  which  is  divided  in  itself  into  posi- 
tive and  negative,  residing  in  their  respective  groups 
which  are  called  ions.  When  a difference  of  poten- 
tial is  sufficiently  strong  at  the  electrodes,  the  ions 
separate  from  the  molecule  in  which  they  are  first  found 
and  travel  toward  the  pole  for  which  they  have  an  affin- 
ity. Those  traveling  toward  the  anode  are  called 
anions,  and  those  traveling  toward  the  kathode  are 
called  katliions.  It  is  in  this  manner  that  a liquid  con- 
ducts a current  and  this  is  illustrated  by  the  traffic  over 
a bridge : Wagons  going  in  one  direction  carry  mer- 

chandise of  one  kind,  while  those  going  in  the  opposite 
direction  carry  merchandise  of  another  kind. 

Arrhenius  in  1887  gave  out  his  theory  of  the  “Elec- 
trolytic Dissociation  of  Ions.”  ITe  maintained  “that 
the  molecules  in  aqueous  solutions  are  already  dissoci- 
ated into  two  ions,  which  are  loaded  with  their  respect- 
ive electric  charges” ; that  “electrolysis  does  not  there- 
fore require  the  previous  splitting  of  the  molecule  by 
the  electric  current.”  This  seems  to  be  the  principal 
point  of  difference  between  the  two  theories.  Arrhenius 
further  stated  also,  that  the  passage  of  a current  through 
an  electrolyte  is  due  to  the  free  ions  and  those  molecules 
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which  have  not  divided  themselves  into  ions,  if  there 
are  any,  take  no  part  in  the  process.  It  has  long  been 
known  that  chemically  pure  water  is  not  an  electrolyte, 
but  the  addition  of  the  smallest  quantity  of  impurities 
makes  it  one.  This  is  accounted  for  by  supposing  that 
the  hydrogen  and  oxygen  have  not  ionized,  a condition 
that  is  easily  produced  when  an  impurity  is  added. 
Xor  is  water  the  only  simple  electrolyte,  which,  when 
absolutely  pure  will  not  conduct  a current.  Chemically 
pure,  or  one  hundred  per  cent.,  sulphuric  acid  will  not 
conduct  an  electric  current,  and  yet  when  diluted  with 
water  till  it  is  about  a twenty-five  per  cent,  solution  of 
sulphuric  acid  in  water,  it  becomes  one  of  the  best  liquid 
conductors.  The  water  in  this  case  must  therefore  be 
regarded  as  an  agent  which  is  capable  of  separating  the 
molecule  into  ions. 

There  is,  therefore,  as  a first  step  in  electrolysis  a 
selection  of  partners  which  have  been  termed  ions. 
Whether  these  arrangements  are  always  mutually  un- 
derstood in  the  molecules  or  are  the  result  of  an  elec- 
trical disturbance  created  by  the  current,  is  still  a matter 
of  speculation.  These  ions,  however,  arrange  them- 
selves in  order,  according  to  their  electrical  affinities, 
and  move  toward  their  respective  electrodes;  the  anions 
toward  the  anode  and  the  kathions  toward  the  kathode. 
In  the  formation  of  the  ions  the  electro-positive  ele- 
ments form  one  group  and  the  electro-negative  form 
another,  making  these  selections  according  to  the  table 
on  the  following  page  of  electro-chemical  properties  by 
Berzilius. 

When  the  ions  have  reached  the  electrodes  for  which 


3G2 


DENTAL  ELECTRICITY 


they  started  they  deliver  their  electric  charges  and  ac- 
cumulate at  that  electrode.  If  there  is  any  possible 
affinity  between  the  two,  a union  is  effected,  and  we 
have  an  illustration  of  what  takes  place  in  the  well- 
known  process  of  electroplating;  if  there  is  no  affinity 


Electro-Chemical  Properties  of  Metals. 


Positive  End. 
NAME. 

Caesium 

* 

Symbol. 
,Rb. 

Name. 

Rhodium 

Platinum 

Symbol. 
.R. 

Potassium 

IC. 

Iridium 

Ir. 

Xa. 

Osmium 

Os. 

Lithiurti 

L. 

Gold 

Barium 

Ba. 

Hydrogen 

Silicium 

Si 

Calcium 

Ca. 

Titanium 

Mg. 

Tantalum 

Crlueiuum 

Gl. 

Tellurium 

Aluminum 

Al. 

Antimony 

Sh. 

Zirconium 

....Zr. 

Carbon 

Cadmium 

Cd. 

Boron 

Mn. 

Tungsten 

Zinc 

Zn. 

Molybdenum  . . 

Mo. 

Iron 

Vanadium 

Nickel 

Ni. 

Chromium 

Cr. 

Cobalt 

Co. 

Arsenic 

Cerium 

Ce. 

Phosphorus 

P. 

Lead 

Pb. 

Selenium 

Tin 

Sn. 

Iodine 

I. 

Bismuth 

Bi. 

Bromine 

Br. 

Uranium 

U. 

Chlorine 

Copper 

Cu. 

Fluorine 

F. 

Silver 

Nitrogen 

Mercury 

Hg. 

Sulphur 

Palladium 

Pd. 

Oxygen 

Negative  End. 

the  ion  appears  in  the  form  of  a gas  or  as  a precipitate, 
as  the  case  may  be.  In  the  electrolytic  decomposition 
of  copper  sulphate,  for  instance,  it  is  first  separated  into 
copper^  the  electro-positive  ion,  and  into  sulphion,  S04, 
the  electro-negative  ion.  The  copper  moves  toward  the 
negative  electrode  and  the  sulphion  toward  the  positive 
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■electrode.  If  the  negative  pole  is  in  a condition  to  re- 
ceive the  copper,  and  the  process  is  not  too  vigorous,  the 
•copper  attaches  to  the  electrode  in  the  form  of  a metallic 
precipitate,  sufficiently  firm  to  remain  and  fine  enough 
to  receive  a polish.  The  sulphion,  on  the  other  hand, 
upon  reaching  the  positive  pole  unites  with  the  water 
forming  sulphuric  acid  and  liberating  the  surplus  oxy- 
gen, which  escapes  from  the  solution  in  the  form  of  a 
gas.  If  the  positive  electrode  is  of  copper,  the  sulphuric 
acid  which  is  formed  at  this  pole  unites  with  the  cop- 
per, forming  copper  sulphate,  which  being  soluble  in 
the  water  is  dissolved,  thus  keeping  the  electrolytic  solu- 
tion in  a state  of  equilibrium.  As  fast  as  copper  is 
taken  from  the  solution  and  deposited  upon  the  negative 
electrode,  copper  is  added  to  the  solution  by  the  electro- 
chemical process  going  on  at  the  other  electrode. 

Every  battery  depends  for  its  action  upon  electrolysis. 
In  this  instance  the  chemical  processes  that  go  on  in 
the  battery  when  the  external  circuit  is  closed,  cause  a 
liberation  of  the  electrical  charges  of  the  ions,  and  we 
have  the  manifestation  of  a current  flowing  in  the  exter- 
nal  circuit.  In  battery  action,  the  conditions  being 
favorable,  the  molecules  of  the  electrolyte'  dissociate 
themselves  and  deliver  their  electrical  charges  of  their 
own  accord  ; in  simple  electrolysis,  under  the  influence 
of  an  electric  current,  we  have  the  ions  carrying  their 
charges  toward  their  respective  electrodes.  While  the 
two  processes  are  identical  from  an  electrolytic  point  of 
veiw,  we  have  this  marked  difference;  the  one  is  pro- 
duced by  energy  from  within  and  the  other  by  an  energy 
from  without. 
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Electrolysis  is  an  active  agent  in  nature's  laboratory. 
Many  of  her  processes  in  the  life  and  growth  of  animal 
and  vegetable  organisms,  as  well  as  in  the  reduction  of 
the  same,  are  carried  on  by  electrolysis.  Electric  cur- 
rents are  developed  Avith  the  chemic  processes  and  these 
in  turn  produce  other  changes  which  go  on  in  the  build- 
ing up  and  in  the  tearing  down  of  all  organic  matter. 

Electrolysis  is  of  a high  \7alue  commercially  Avhen  em- 
ployed in  electroplating,  and  at  the  same  time  if  not 
guarded  against  it  becomes  a very  destructive  agent  in 
our  cities.  Current  easily  escapes  from  the  car  lines, 
and,  finding  good  return  by  Avay  of  the  Avater  and  gas 
mains,  dissolves  these  at  the  point  of  leaving.  In  this 
day,  Avhen  Ave  are  surrounded  on  every  side  by  the  com- 
mercial applications  of  electricity,  the  escape  of  the 
fluid  into  the  earth,  especially  in  the  cities,  and  the  de- 
structive effect  upon  the  gas  and  water  mains,  becomes 
a perplexing  problem  for  the  engineer.  This  condition 
is  most  noticeable  in  cities  operating  electric  cars,  AA-hich 
provide  for  the  return  of  the  current  through  the  rails. 
This  circuit,  by  bad  connections,  sometimes  offers  so 
much  resistance  that  the  current  finds  a path  of  less  re- 
sistance through  the  water  and  gas  pipes,  which  may  be 
lying  near  by.  In  the  course  of  time  these  pipes  will 
be  found  to  be  badly  corroded  by  the  electrolytic  action 
of  the  current. 

While  electrolysis  may  thus  become  a menace  Avhen 
a heavy  electric  current  is  alloAved  to  escape,  it  Iioav- 
ever,  has  electrotherapeutic  and  commercial  uses  Avhich 
make  this  property  of  the  electric  current  one  of  the 
most  useful  in  medicine  and  in  the  arts.  All  animal 
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tissues  provide  tlie  conditions  for  and  are  subject  to 
electrolytic  action.  Albumen  is  coagulated,  water  is 
decomposed  into  oxygen  and  hydrogen,  and  salts  are 
separated  into  acids  and  bases.  In  this  process,  al- 
though in  an  animal  tissue,  the  laws  of  electrolysis  are 
the  same  that  operate  in  the  galvanic  cell : the  acids  and 
oxygen  appear  at  the  positive  pole  and  the  alkalies  and 
hydrogen  appear  at  the  negative  pole.  This  phenom- 
enon is  put  into  practical  use  by  the  electrotherapeutist 
in  two  ways : One,  by  the  liberation  of  a nascent  salt, 

by  the  solution  of  the  electrode  itself,  and  the  other,  by 
a decomposition  of  the  tissue  with  which  the  electrode 
is  in  contact.  If  the  positive  electrode  be  composed  of 
zinc,  the  chlorine  which  forms  at  this  pole  will  attack 
the  zinc,  forming  zinc  chloride,  a strong  caustic.  Or, 
if  the  negative  electrode  he  composed  of  platinum,  which 
is  not  dissolved  by  the  current,  then  the  underlying 
tissues  undergo  decomposition  and  are  destroyed  by 
the  agents  that  form  at  this  pole.  Potassium,  sodium, 
and  other  electro-positive  elements  that  may  be  contained 
in  the  tissues  appear  at  the  negative  pole  and  cause 
destruction  of  the  tissue  by  their  caustic  action.  While 
it  seems  that  the  loss  of  tissue  in  this  instance  is  more 
largely  due  to  the  destructive  agency  of  the  products 
formed,  there  is  also  loss  of  tissue  in  the  first  step  of 
the  process  which  gave  up  these  salts. 

Electrolysis  is  a therapeutic  agent  of  unquestioned 
utility  in  the  treatment  of  aneurism,  cystic  tumors, 
goitre,  nasal  polypi,  naevi,  sebaceous  tumors,  stricture 
of  the  urethra,  hydrocele,  and  the  like.  In  some  of 
these  lesions  this  method  of  treatment  gives  results 
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which  are  even  more  satisfactory  than  the  older  methods 
of  treatment  by  a surgical  operation  or  by  the  use  of 
medicinal  agents  which  promote  absorption. 

Electrolytic  treatment  has  also  found  applications  in 
dental  therapeutics.  In  18S4  Dr.  W.  Y.  B.  Ames 
employed  a weak  galvanic  current  in  the  treatment  of 
pyorrhoea  alveolaris.  He  decomposed  the  contents  of  the 
pockets,  getting  nascent  oxygen  and  chlorine  in  addition 
to  the  stimulating  effect  of  the  current.  Medicinal 
agents  were  also  employed ; iodide  of  potassium  when 
decomposed  in  the  pocket  liberated  nascent  iodine  at 
the  seat  of  pus  formation. 

The  requirements  for  electrolytic  medication  do  not 
differ  much  from  those  in  cataphoresis,  as  described  in 
the  following  chapter.  The  battery  or  whatever  the 
source  of  current  may  be,  need  not  give  a pressure  of 
more  than  twenty-five  volts.  The  rheostat  should  be  one 
which  shall  have  at  least  five  steps  to  the  volt.  A cata- 
phoric rheostat  makes  an  ideal  instrument  for  this  pur- 
pose. A milliammeter  should  always  be  used  in  the 
work.  This  should  read  as  high  as  forty  milliamperes 
which  may  be  reached  in  some  cases,  depending  upon  the 
voltage  and  the  area  of  exposed  tissue. 

While  electrolysis  is  largely  used  in  the  arts,  in  the 
manufacture  of  chemicals,  and  in  metallurgy,  its  largest 
field  is  in  electroplating.  Nearly  every  instrument  we 
see  about  us,  every  piece  of  shining  metal,  and  many 
ornaments  which  beautify  our  homes  and  offices,  owe 
their  luster  and  finish  to  the  plater’s  bath.  Not  only 
this,  but  nearly  every  paper  that  is  printed  and  every 
book  that  is  published,  owes  its  small  cost  to  the  electro- 


ELECTROLYSIS 


367 


type.  Electroplating  has  become  an  industry  in  which, 
thousands  are  engaged,  and  the  process  has  been  simpli- 
fied to  such  an  extent  that  the  amateur  can  carry  on 
the  process  at  his  home. 

The  dentist  has  frequent  use  for  an  electroplating 
outfit,  and  although  he  may  be  situated  within  easy 
reach  of  a plating  establishment,  it  is  often  more  satis- 
factory to  do  the  work  himself,  provided  he  has  the 
facilities.  The  most  of  his  needs  are  for  small  work 
and  in  his  laboratory  equipment  will  always  be  found 
instruments  and  appliances  which  may  he  utilized.  As 
a matter  of  fact  but  little  in  the  way  of  appliances  is 
required  outside  of  his  laboratory  equipment  except 
some  of  the  chemicals  employed.  lie  has  a lathe  and 
buffers,  facilities  for  heating  water  and  plating  solu- 
tions, and  beyond  these  nothing  is  necessary  except  a 
few  chemicals  and  the  plating  baths.  The  different 
solutions  can  he  made  up  and  sealed  in  ordinary  glass 
sealing  jars,  which  not  only  prevent  evaporation  when 
not  in  use,  but  by  reason  of  their  wide  mouths  make 
ideal  containing  vessels  at  the  time  of  plating. 

While  the  usual  method  of  electroplating  is  through 
the  agency  of  an  electric  current  supplied  from  without, 
yet  there  are  metals  and  solutions  in  which  the  simple 
immersion  of  the  one  in  the  other  will  cause  the  pre- 
cipitation of  the  metal  contained  in  the  solution  upon 
the  metal  that  is  immersed.  If  a piece  of  clean  iron 
be  dipped  in  a solution  of  copper  sulphate,  it  will 
quickly  become  coated  with  a covering  of  copper  and  in 
the  same  manner  iron  will  receive  a deposit  if  dipped 
in  a solution  of  chloride  of  bismuth,  terchoride  of  gold, 
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chloride  of  platinum,  or  nitrate  of  silver.  German 
silver  will  receive  a deposit  if  dipped  in  a solution  of 
terchloride  of  antimony,  and  also  if  dipped  in  gold 
terchloride,  or  platinum  chloride.  Gold  terchloride 
will,  when  used  as  a simple  solution  for  immersion,  de- 
posit its  gold  upon  nearly  all  metals,  and  in  like  manner 
platinum  chloride  will,  with  almost  equal  facility,  de- 
posit its  platinum  upon  other  metals.  In  these  re- 
actions there  is  a chemical  interchange  of  elements. 

Electro-deposition  may  also  be  accomplished  in  a 
single  cell ; that  is,  the  article  to  be  plated  is  made  one 
electrode  of  the  cell.  This  is  illustrated  in  the  ordinary 
Daniell  cell  in  which  the  object  takes  the  place  of  the 
copper  plate. 

For  commercial  purposes,  the  deposition  of  metal  by 
means  of  an  electric  current  supplied  from  without 
gives  the  best  results.  With  the  conditions  just  cited, 
where  the  process  is  principally  of  a chemical  nature, 
and  one  which  is  limited  by  the  local  conditions,  the 
deposit  is  scarcely  more  than  a film,  without  firmness 
of  adhesion  or  thickness  of  body.  When  an  electric 
current  is  supplied  by  a battery,  or  a dynamo  is  used, 
there  is  an  opportunity  to  control  the  rate  of  deposit, 
to  strengthen  the  adhesion,  to  modify  the  fineness  of  the 
deposit,  and  to  govern  the  thickness. 

When  an  electric  current  is  employed,  the  first  es- 
sential is  that  it  must  be  a constant  current,  such  as  is 
derived  from  a battery,  or  which  is  commercially  sup- 
plied under  the  name  of  the  Edison  or  direct  current. 
The  dentist  can  also  obtain  a current  for  plating  pur- 
poses by  the  use  of  a small  shunt-wound  dynamo. 
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The  voltage  of  the  current  used  in  electroplating 
is  comparatively  low.  It  is  so  low  that  a few  voltaic 
cells  will  ordinarily  furnish  all  that  is  necessary  for  in- 
dividual purposes.  Gold  and  copper  may  he  deposited 
from  their  solutions  with  only  half  a volt’s  pressure,  and 
even  the  solutions  most  difficult  to  break  up  require  less 
than  eight  volts  to  effect  their  decomposition.  For 
this  reason  even  the  most  elaborately  equipped  plating 
establishments  use  dynamos  which  are  wound  to  give 
no  higher  than  ten  volts.  This  also  covers  the  resist- 
ance of  the  conducting  wires.  The  dentist’s  needs  are 
confined  to  the  use  of  gold,  silver,  copper,  and  nickel, 
and  except  in  the  case  of  the  last  mentioned,  two  cells 
will  be  all  that  are  necessary.  Hickel  solutions  require 
from  five  to  six  volts’  pressure  to  effect  their  decompo- 
sition and  that  will  necessitate  the  use  of  three  or  four 
Bunsen  cells  in  series.  Or,  if  the  dentist  is  equipped 
with  the  S.  S.  White  battery  outfit  for  operating  his 
electric  engine,  he  can  use  that  for  all  plating  purposes. 

The  second  and  most  convenient  method  of  obtaining 
current  for  electroplating,  is  by  the  use  of  a commercial 
current,  provided  it  is  already  established  in  the  office 
for  other  purposes.  This,  of  course,  should  be  the  con- 
stant, or  direct  current  as  it  is  sometimes  called.  It  is 
usually  supplied  at  one  hundred  and  ten  volts’  pressure, 
and  in  order  to  obtain  a current  of  low  voltage  from  this 
for  plating  purposes,  it  is  necessary  to  construct  some 
form  of  shunt  rheostat. 

The  dentist  may  proceed  in  this  way:  Use  one  six- 

teen candle-power  lamp  as  a main  resistance,  and 
in  series  with  that  any  electrical  instrument  or  rheostat 
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which  has  from  five  to  fifteen  ohms’  resistance.  If  this 
is  done  as  shown  in  Fig.  159,  and  two  wires  are  con- 
nected, one  on  either  side  of  the  second  resistance,  a cur- 
rent of  from  two  to  five  volts  will  be  shunted  through 
the  plating  circuit.  The  pressure  of  the  plating  current 
will  he  inversly  proportionate  to  the  resistance  of  the 
shunting  resistance  with  which  it  is  in  parallel.  If  an 


Fig.  159.— Diagrammatic  Arrangement  of  Wiring  for 
PLating  on  110-  Volt  Circuit. 

electric-light  carbon  is  used  as  the  shunting  resistance 
about  half  a volts’  pressure  will  be  operative  in  the  plat- 
ing bath,  or  by  the  use  of  a sixteen  candle-power  lamp 
■as  the  shunting  resistance,  as  high  as  fifty  volts  can  be 
obtained,  if  necessary.  In  practice,  two  or  three  elec- 
tric-light carbons,  conveniently  mounted  in  the  form 
of  a rheostat  will  be  all  that  is  required.  Or,  the  last 
or  second  from  the  last  button  of  any  rheostat  used  for 
operating  a motor  or  electric  oven  will  give  the  proper 
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signed  to  be  operated  by  water-power.  Complicated  as 
this  may  seem,  it  is  entirely  feasible. 

A dynamo  for  electroplating  should  be  shunt-wound, 
for  the  reason  that  such  a dynamo  will  not  change  its 
polarity  should  a current  pass  through  it  from  the  plat- 
ing solution  in  the  reverse  direction.  A series-wound 
dynamo  will  reverse  its  polarity  under  the  conditions 


resistance.  A large  size  electric  oven  will  shunt  two 
volts  if  closed,  or  three  and  one-half  volts,  if  open. 

The  third  method  for  obtaining  a current  for  electro- 
plating is  by  the  use  of  a small  dynamo  as  shown  in 
Fig.  160.  These,  almost  as  toys,  are  upon  the  market 
for  operating  small  electrical  appliances  and  are  de- 
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just  mentioned,  which  would  be  a constant  annoyance. 
Such  a dynamo  could  be  used,  however,  if  the  operator 
were  observant  and  employed  a pole  changer  by  which 
the  direction  of  the  current  through  the  solution  could 
be  quickly  reversed  should  the  current  be  flowing  in  the 
wrong  direction.  Any  series-wound  dynamo  though, 
can  be  easily  converted  into  a shunt-wound  by  changing 
the  connections.  A series-wound  dynamo  or  motor  has 
its  field  and  armature  connected  in  series.  A wire  will 
be  seen  running  from  one  of  the  brushes  to  the  field. 
If  now  a new  connecting  wire  be  attached  to  this  brush 
or  wire  and  another  be  attached  to  the  two  binding 
posts  to  which  the  connections  were  formerly  made, 
uniting  them  as  one,  and  these  two  new  wires  led  out 
to  two  other  binding  posts,  the  dynamo  will  then  be 
what  is  known  as  shunt  wound,  that  is,  the  field  and  the 
armature  windings  are  in  parallel.  The  two  systems 
of  wiring  can  be  compared  by  referring  to  Tigs.  55  and 
56  and  the  subject  matter  thereon. 

Every  step  in  electroplating  requires  the  utmost 
cleanliness.  The  least  particle  of  dust  or  grease  will 
prevent  perfect  adhesion  of  the  plating.  Cleanliness 
in  electroplating  means  more  than  ordinary  cleanliness. 
It  means  an  absolute  purity  of  the  surface  of  the  metal 
to  be  plated.  Even  handling  by  the  naked  hand,  how- 
ever clean,  will  cause  the  coating  to  strip  off  in  time. 
The  surface  of  the  object  to  be  plated  must  not  only 
be  made  absolutely  clean  by  mechanical  means,  but  as  a 
last  step,  chemical  processes  are  necessary  before  the  sur- 
face is  in  condition  to  receive  a coating  which  will  ad- 
here with  sufficient  tenacity  to  withstand  usage. 
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In  preparing  all  articles  for  plating,  it  should  be 
borne  in  mind  that  the  finished  surface  will  be  the  same 
in  point  of  smoothness  that  it  was  before  plating.  The 
coat  of  plating  will  not  be  thick  enough  that  when 
polished  it  will  obliterate  scratches  of  any  con- 
siderable depth.  It  is  therefore  necessary  to  finish 
those  parts  that  are  to  he  polished  as  well  before  plating 
as  they  are  expected  to  be  when  finished.  This  can  be 
done  upon  the  dental  lathe  by  the  ordinary  wheels  and 
buffs  used  in  dressing  and  polishing  vulcanite  plates. 
And,  if  the  dentist  enters  into  electroplating  somewhat 
extensively,  he  can  make  excellent  buffs  by  using  wooden 
wheels  from  two  to  four  inches  in  diameter  and  of  vari- 
ous thicknesses,  upon  the  rims  of  which  are  glued  strips 
of  emery  cloth  of  the  same-  width  as  the  wheels.  JSTew 
strips  are  added  from  time  to  time,  it  only  being  neces- 
sary to  glue  the  ends  an  inch  or  more. 

When  these  surfaces  that  are  to  be  polished  have 
been  finished  the  next  step  is  the  chemical  preparation 
of  the  surface.  Iron  and  steel  after  being  highly  pol- 
ished are  passed  into  a potash  bath  to  remove  any  oil  or 
grease  that  may  have  been  contracted  during  the  polish- 
ing. This  is  made  by  dissolving  half  a pound  of  caustic 
potash  in  a gallon  of  water,  and  is  to  be  used  hot.  If 
there  has  been  some  delay  and  a film  of  oxide  has  formed 
upon  the  surface,  this  can  be  removed  by  immersing  for 
a few  minutes  in  a fifteen  per  cent,  solution  of  hydro- 
chloric acid.  It  should  then  be  washed  in  water  and 
immediately  placed  in  the  plating  bath. 

Topper,  nickel,  silver,  brass,  german  silver,  bronze, 
aluminum  bronze,  and  several  other  similar  al- 
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loys  are  all  prepared  alike.  The  huffing  having  been 
done,  the  piece  is  placed  in  the  potash  bath  as  prescribed 
for  the  treatment  of  iron.  It  is  then  removed  and 
briskly  scoured  with  a stiff  brush  and  pumice  stone 
to  insure  complete  removal  of  the  last  traces  of  oil  and 
also  to  remove  the  high  polish  upon  the  surface.  As 
a final  step  before  transferring  to  the  plating  solution 
the  piece  is  dipped  in  a solution  of  cyanide  of  potas- 
sium. This  is  made  up  of  eight  ounces  of  cyanide  of 
potassium  to  a gallon  of  water.  It  should  be  kept  in  an 
earthenware  jar  and  used  cold.  When  articles  are  to  be 
gold  or  silver-plated,  the  piece  may  be  dipped  in  a solu- 
tion of  mercuric  nitrate,  made  by  acting  upon  mercury 
with  nitric  acid  and  diluting,  just  before  placing  in 
the  plating  bath.  In  doing  this  a very  thin  coating  of 
mercury  will  cover  the  surface  which  protects  it  fron^. 
oxidation  and  at  the  same  time  produces  a more  recep- 
tive surface  for  the  gold  or  silver. 

When  non-metallic  objects  are  to  be  plated,  they 
have  first  to  have  their  surfaces  made  electrical  con- 
ductors. The  most  generally  adopted  plan  is  the  coat- 
ing of  the  surface  with  black  lead  or  graphite.  This 
material,  being  in  a very  fine  powder,  is  dusted  upon 
the  surface  and  worked  into  every  inequality.  It  is  the 
better  plan  to  first  coat  this  with  a plate  of  copper  and 
then  treating  it  as  a copper  surface  it  is  to  be  plated 
with  whatever  metal  is  desired. 

In  making  the  connections  for  plating,  the  object  to 
be  plated  is  to  be  connected  to  the  negative  wire  from 
the  battery  or  dynamo,  and  an  anode  of  the  same 
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metal  used  in  the  plating,  connected  to  the  positive  wire 
from  the  electrical  source. 

Gold  is  one  of  the  most  easily  deposited  metals.  It 
will  deposit  from  a terchloride  solution  by  the  simple 
immersion  in  it  of  nearly  all  metals,  and  if  a current  is 
employed,  scarcely  more  than  half  a volt  is  necessary 
to  effect-  deposition.  There  is  no  metal  used  in  electro- 
plating that  possesses  the  many  properties  of  gold.  This 
metal  has  a wide  variety  of  colors  and  character  of  de- 
posit, due  to  the  solution  from  which  it  is  deposited  and 
the  strength  of  current  employed.  A solution  contain- 
ing from  one  to  five  pennyweights  of  gold  to  the  gallon, 
will  give  a fine  precipitate  of  pale  yellow  color,  while 
a solution  very  heavy  with  gold,  fifteen  pennyweights 
to  the  gallon,  will  yield  a deposit  of  gold  of  a dark  red 
color.  All  shades  between  these  can  he  obtained  by 
modifying  the  strength  of  the  solution.  Then  again  the 
strength  of  the  current  has  much  to  do  with  the  appear- 
ance of  the  deposit.  A weak  current  of  half  a volt  will 
produce  a deposit  of  pale,  smooth,  and  closely  adherent 
gold,  while  a pressure  of  over  five  volts  will  cause  a 
deposit  of  a dark,  coarsely  crystalline  nature.  The 
latter  is  not  very  firmly  attached  to  the  metal  and  is 
liable  to  strip  in  the  burnishing  or  in  subsequent  use. 

There  are  a great  many  formulas  and  methods  of  pre- 
paring a bath  for  gold  plating:  Some  are  to  he  heated 

at  the  time  of  plating  and  others  are  to  he  used  cold. 
Dr.  II.  F.  Briggs  recommends  the  following:  “Take 

of  pure  gold  thirty  grains  and  digest  in  aqua  regia  ; 
evaporate  almost  hut  not  quite  to  dryness;  dissolve  this 
in  twenty  ounces  of  water,  then  add  half  ounce  of  cyan- 
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ide  of  potassium.”  The  aqua  regia  of  the  formula  is 
composed  of  three  parts  of  hydrochloric  acid  and  one 
part-  of  nitric  acid.  This  solution  is  to  he  heated  to 
about  one  hundred  and  fifty  degrees  Fahrenheit,  at  the 
time  of  using. 

The  author  has  obtained  very  satisfactory  results  by 
using  a cold  bath  of  the  following  formula : 


Chloride  of  gold 30  gr. 

Cyanide  of  potassium 00  gr. 

Distilled  water 1 pL 


The  gold  of  this  formula  is  the  same  that  is  used  in 
photography  for  toning,  and  is  usually  sold  in  bottles 
containing  fifteen  grains  each.  When  the  solution  is 
made  up  it  should  be  kept  in  a glass  fruit-jar,  as  sug- 
gested on  page  367. 

The  object  having  been  prepared  for  the  bath  in  the 
manner  previously  outlined,  it  is  then  to  be  connected 
to  the  negative  wire  from  the  battery  and  a sheet  of 
pure  gold  foil,  ISTo.  10,  or  heavier,  suspended  from  the 
positive  wire  from  the  battery.  Tbe  foil,  which  now  be- 
comes the  anode,  should  be  as  large  or  larger  than  the 
object  to  be  plated. 

The  strength  of  the  current  being  necessarily  very 
little  in  depositing  gold,  a single  cell  will  usually  be 
found  to  be  sufficient.  A single  Edison-Lelande,  or  a 
Bunsen  cell  will  always  give  ample  current  for  the 
dentist’s  use.  Open-circuit  cells  may  also  be  used,  and 
where  the  operator  has  only  an  occasional  use  for  his 
electroplating  outfit,  these  will  probably  be  the  most 
satisfactory.  For  the  deposition  of  gold,  only  one  of 
these,  if  in  good  order,  and  two  at  most,  will  be  nec- 
essary. 
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Platinum  can  only  be  satisfactorily  deposited  upon 
copper  and  its  alloys.  Tin,  iron,  or  zinc,  can  only  be 
imperfectly  platinized,  even  after  first  coating  them 
with  copper.  One  of  the  difficulties  encountered  in 
plating  with  platinum  is  the  varying  condition  of  the 
bath,  due  to  the  insolubility  of  the  platinum  anode. 
In  plating  with  gold,  silver,  or  copper,  the  strength  of 
the  solution  is  maintained  by  about  an  equal  addition 
of  metal  dissolved  from  the  anode  by  the  electrolytic 
process.  In  platinum  and  iridium  plating,  however, 
the  anode  is  not  dissolved  and  the  metal  is  derived 
entirely  from  the  solution.  The  electrolyte  is  thus  being 
continuously  weakened  while  the  deposition  is  going  on. 
The  second  difficulty  experienced  in  platinum  plating 
is  the  ease  with  which  it  is  deposited  from  its  solutions 
by  the  simple  immersion  in  it  of  some  metals  to  be 
plated ; zinc,  iron,  and  tin  reduce  it  simply  by  immer- 
sion. The  facility  with  which  this  solution  is  de- 
composed causes  the  same  condition  that  is  present 
when  a very  heavy  electric  current  is  used  in  plating. 
It  causes  the  metal  to  deposit  in  a loose,  black  condition, 
lacking  adhesion.  It  is  therefore  important  in  plating 
with  platinum  to  have  the  solution  rather  weak  in  plati- 
num and  use  only  a feeble  current  for  precipitating  it. 

The  solution  generally  employed  for  platinum  deposi- 
tion is  the  double  cyanide  of  platinum  and  potassium  in 
distilled  water.  This  is  made  up  in  the  same  manner 
as  the  gold  solution  except  that  platinum  is  substituted 
for  the  gold.  During  the  action  of  the  bath,  free  cyan- 
ide is  formed  which  should  be  neutralized  by  the  fre- 
quent addition  of  a little  chloride  of  platinum,  prefer- 
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ably  at  the  close  of  each  operation.  If  a visible  amount 
of  platinum  should  precipitate,  this  can  be  redissolved 
by  the  addition  of  a little  soda  phosphate. 

While  with  the  bath  just  mentioned  the  platinic 
strength  can  be  maintained  by  the  occasional  addition 
of  a little  fresh  platinum  chloride,  this  method  is  not 
without  objection.  For  small  pieces,  such  as  the  den- 
tist may  usually  wish  plated,  the  chloride  bath  will  be 
entirely  satisfactory,  but  for  large  pieces  the  replenish- 
ing of  the  solution  during  the  process  is  objectionable. 
Attempts  have  been  made  to  use  an  anode  containing 
platinum  in  a very  fine  state  of  division,  in  the  hope 
that  this  might  be  slightly  soluble  and  thus  maintain 
the  platinic  strength  of  the  solution.  Platinum-black 
was  tried  and  tbe  experiment  proved  the  correctness  of 
the  supposition,  but  this  did  not  prove  to  be  a practical 
success.  The  laboratory  experiment  and  the  practical 
application  were  quite  different  conditions.  In  order 
to  obtain  the  slightest  solution  of  the  platinum,  the  bath 
had  to  be  of  strong  acid  reaction.  This  caused  a 
loose,  black,  non-adherent  precipitate,  which  was  of  no 
value. 

An  alkaline  platinate  bath  possesses  some  virtues 
over  the  acid  bath  just  described.  This  is  made  up 
as  follows : 


Platinic  hydrate oz. 

Caustic  potash 2 oz. 

Distilled  water I qt. 


Dissolve  the  potash  in  the  water  and  then  add  the 
platinic  hydrate  slowly,  keeping  the  solution  in  motion. 
A little  heat  will  facilitate  the  solution. 
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iMot  more  than  two  volts  should  be  used  in  plating 
with  this  bath,  for  a heavier  current  will  cause  a non- 
coherent precipitate.  The  anode  may  be  a sheet  of 
platinum  or  a carbon  plate  not  greatly  exceeding  the 
surface  of  the  piece  being  plated.  It  is  always  a good 
plan  to  plate  iron,  zinc,  and  german-silver  objects  with 
copper,  prior  to  their  receiving  the  platinum  deposit. 
The  strength  of  this  bath  can  be  maintained  by  the  addi- 
tion  of  platinum  hydroxide.  This  may  be  in  excess  as 
it  will  enter  into  the  solution  only  when  it  is  needed. 

Silver,  like  the  two  foregoing  is  easily  deposited  from 
its  solution  but  not  with  such  ease,  however,  as  to  be- 
come a troublesome  feature  in  plating.  Its  behavior  is 
so  much  like  that  of  gold  that  if  one  were  substituted 
for  the  other  in  some  of  the  processes,  the  results  would 
he  equally  satisfactory.  There  is  one  marked  differ- 
ence in  the  working  of  the  two ; whereas  the  gold  deposit 
is  very  easily  modified  by  the  strength  of  the  gold  solu- 
tion, deposits  of  silver  do  not  appear  to  be  affected  by 
the  strength  of  the  solution  from  which  thev  are  de- 

O «/ 

posited  except  when  extremes  of  either  density  of  solu- 
tion or  strength  of  current  are  present. 

In  plating  with  silver  the.  double  cyanide'  of  silver 
and  potassium  is  most  generally  employed.  This  is 
obtained  by  dissolving  one  part  of  cyanide  of  silver  and 
ten  parts  of  cyanide  of  potassium  in  one  hundred  parts 
of  water.  This  may  then  be  diluted  to  the  desired 
strength,  which  mav  be  from  one  half  ounce  to  five 
ounces  of  silver  to  the  gallon  of  water.  The  silver 
cvanide  mav  be  made  bv  adding  a solution  of  cvanide  of 
potassium  to  a solution  of  silver  nitrate  as  long  as  a pre- 
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cipitate  is  formed.  The  supernatant  liquid  is  then 
poured  off  and  the  precipitate  washed. 

All  silver  plating  solutions  should  contain  an  excess 
of  cyanide  of  potassium,  and  this  excess  should  vary 
according  to  the  metal  to  receive  the  plate.  This  may 
he  largely  in  excess  when  depositing  upon  gold  or  plati- 
num, but  such  metals  as  zinc,  copper,  and  in  fact,  all 
those  metals  which  are  readily  attacked  bv  the  cyan- 
ide  of  potassium,  require  less  excess  of  free  cyanide. 
When  copper,  zinc  and  the  like  are  to  he  plated  the  work 
can  be  facilitated  by  ‘‘quickening”  the  surface  by  first 
washing  it  with  a dilute  solution  of  mercuric  nitrate. 
As  a matter  of  fact  if  the  surfaces  of  all  metals  are  first 
quickened,  then  the  cyanide  strength  of  the  solution  can 
always  be  the  same  and  the  operator  is  relieved  of  any 
guess  work.  This  method  should  always  be  followed 
where  one  solution  is  used  for  plating  different  metals. 

The  quickening  solution  is  made  by  dissolving  an 
ounce  of  mercury  in  a thirty  per  cent,  solution  of  nitric 
acid  and  afterwards  diluting  with  about  a gallon  of 
water.  This  is  sometimes  called  the  mercury  dip. 
It  is  well  to  have  a stock  solution  of  this  on  hand,  for 
it  can  often  he  used  to  advantage  in  plating  with  other 
metals  than  silver. 

The  function  of  free  cyanide  of  potassium  is  to  con- 
vert the  cyanide  of  silver  into  a double  cyanide.  In  the 
plating  process  silver  cyanide  is  formed  which  is  insolu- 
ble in  the  solution  ; free  cyanide  of  potassium  being 
present,  it  acts  upon  the  silver  cyanide,  converting  it 
into  a double  cyanide,  which  is  readily  soluble.  The 
absence  of  free  cyanide  is  shown  by  the  anode  turning 
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a dark  color,  due  to  the  formation  of  oxide  of  silver 
upon  its  surface ; and  an  excess  of  free  cyanide  is  shown 
by  the  anode  assuming  a very  white  and  rough  surface, 
giving  it  the  appearance  of  a metal  having  undergone 
a violent  chemical  action. 

The  same  rules  are  to  he  observed  in  the  strength  of 
current  to  he  employed  in  silver  plating  that  were  laid 
down  in  gold  plating;  a weak  current,  one  scarcely 
stronger  than  is  necessary  to  effect  decomposition  of  the 
solution,  will  produce  a fine,  white,  closely  adherent 
coating,  while  a heavy  current  will  cause  a loose  deposit 
of  dark  color,  which  will  not  take  a good  polish.  The 
silver  solution  should  not  he  exposed  to  strong  light 
when  not  in  use,  owing  to  the  tendency  of  the  silver 
salt  to  decompose. 

In  connecting  the  wires  from  the  battery  the  piece 
to  be  plated  is  swung  from  the  negative  wire  and  an 
anode  of  silver  attached  to  the  positive  wire.  The 
anode  should  he  a sheet  of  perfectly  pure  silver  which 
has  been  previously  annealed.  It  should  present  a sur- 
face as  large  at  least  as  the  object  plated.  If  the  an- 
ode should  present  less  surface  than  the  object  being- 
plated,  then  instead  of  the  plate  furnishing  sufficient 
silver  to  keep  the  solution  at  its  proper  degree  of  satur- 
ation, the  solution  itself  gradually  gives  up  its  silver, 
till  it  becomes  too  weak  for  successful  work.  It  is  a 
good  plan,  therefore,  to  always  use  an  anode  a little 
larger  than  the  object  to  be  plated. 

The  current  should  always  he  flowing  at  the  time  of 
placing  the  piece  in  the  hath.  Unless  this  precaution 
is  observed  the  free  cyanide  will  act  upon  the  object  if 
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it  is  a base  metal,  as  is  usually  the  case,  dissolving  it 
and  contaminating  the  bath.  A silver-plating  bath  con- 
taining copper,  iron,  or  other  impurities  does  not  yield 
a pure  white  silver  precipitate. 

Xon-metallic  objects  may  be  silver-plated  by  making 
their  surfaces  electrically  conducting  by  the  use  of 
graphite  as  pursued  in  electrotyping.  Some  years  ago 
electro-deposited  silver  plates  were  tried  by  the  profes- 
sion. The  claim  of  their  advocates  that  such  plates 
were  accurately  adapted  to  the  model,  was  certainly 
correct,  but  these  plates  were  found  not  to  possess  the 
necessary  amount  of  stiffness  for  long  and  practical 
use,  and  this  system  of  plate  construction  soon  fell  into 
disuse. 

Silver  plate  is  finished  much  as  one  would  polish  a 
metal  plate.  As  the  article  comes  from  the  bath,  if  the 
plating  has  been  properly  done,  it  presents  a white, 
frosted  appearance.  For  some  purposes  this  is  a desir- 
able finish  itself.  If,  however,  it  is  desired  to  give  it 
a high  polish,  this  can  be  done  by  tbe  use  of  felt  wheels, 
finishing  with  brushes  and  buffs,  using  prepared  chalk 
and  rouge.  In  some  pieces  a beautiful  effect  can  be  ob- 
tained by  burnishing  the  raised  places  and  leaving  the 
depressions  in  their  original  frosted  condition. 

Copper,  when  used  in  electroplating  is  of  the  greatest 
commercial  value.  It  is  not  only  used  as  a plating  to 
give  a copper  finish  itself,  but  is  used  as  a foundation 
upon  which  other  metals  are  to  be  plated.  Some 
metals,  platinum  for  instance,  will  not  adhere  to  iron, 
zinc,  or  tin,  with  any  degree  of  strength,  and  yet  if 
these  metals  are  first,  treated  with  a copper  plate,  they 
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will  then  receive  the  platinum  with  sufficient  strength 
for  commercial  purposes.  In  this  case  the  article  is 
treated  as  if  it  were  copper.  Iron  is  best  nickel-plated 
by  first  giving  it  a thin  copper  plate. 

Copper  will  deposit  from  some  of  its  solutions  by 
simple  immersion.  Iron,  if  dipped  in  a solution  of 
copper  sulphate,  will  receive  a film  of  copper.  It  will 
be  observed  by  this  time,  however,  that  those  solutions 
which  precipitate  metals  most  easily,  as  by  the  simple 
immersion  of  another  metal  in  them,  are  not  solutions 
most  easily  managed  when  used  for  electroplating.  The 
very  facility  with  Avhich  they  give  up  their  metal  is  an 
objection.  While  it  is  necessary  that  a solution  should 
part  with  its  metal  when  used  for  electroplating,  it  is 
possible  to  have  an  extreme,  in  its  being  too'  easily  de- 
posited. It  is  a noticeable  fact  that  in  most  instances 
the  more  difficult  it  is  to  decompose  a solution  the  better 
and  more  adherent  will  be  the  metallic  deposit. 

All  the  acid  solutions  of  copper  are  easily  decomposed 
and  their  deposits  are,  as  a rule,  but  feebly  adherent. 
The  best  results  are  obtained  from  alkaline  solutions 
which  only  part  with  their  metals  under  the  influence 
of  an  electric  current.  An  acid  solution  of  copper  will 
require  scarcely  as  much  as  one  volt’s  pressure  to  effect 
its  decomposition,  whereas  an  alkaline  solution  of  the 
same,  will  require  from  six  to  eight  volts’  pressure. 
Where  it  is  desirable  to  deposit  a very  heavy  copper 
plate  it  is  customary  to  first  subject  the  piece  to  an  alka- 
line bath  and  when  it  has  received  a thin  coating,  to 
quickly  transfer  it  to  an  acid  bath.  In  this  manner  a 
thick  and  adherent  plate  is  quickly  obtained. 


384 


DENTAL  ELECTRICITY 


Tlie  alkaline  copper  solution  is  made  up  as  follows: 
Copper  sulphate  is  dissolved  in  hot  rain  water  to  about 
saturation.  When  this  is  cold,  ammonia  water  is  added 
till  the  solution  assumes  a blue  color  characteristic  of 
ammonia-sulphate.  A precipitate  will  form  during  the 
first  stage  of  the  process,  hut  it  is  afterwards  dissolved. 
Next  prepare  a solution  of  cyanide  of  potassium,  half  a 
pound  to  the  quart  of  water,  and  add  from  this  until  the 
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Fig.  161.— .Single  Cell  fob  Copper  Plating. 
blue  ammonia-sulphate  color  disappears.  A little  of 
the  cyanide  should  he  still  added  in  excess.  This  solu- 
tion can  he  used  cold. 

The  anode  of  the  copper-plating  hath  should  be  a 
sheet  of  pure  copper.  This  can  be  obtained  under  the 
name  of  electrolytic  copper,  or,  an  old  copper  from  a 
Daniell  cell  will  furnish  pure  copper. 

Owing  to  the  ease  with  which  copper  solutions  may 
bo  decomposed,  small  articles  may  he  coppered  by  using 
a galvanic  cell  with  a porous  cup.  A i thin  the  porous 
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cup  is  placed  a striji  of  zinc  and  a solution  of  sal 
ammoniac.  The  outer  vessel  contains  a saturated  so- 
lution of  copper  sulphate.  The  article  to  he  plated  is 
suspended  from  the  zinc  into  the  copper-sulphate  solu- 
tion, and  the  process  goes  on  the  same  as  though  a gal- 
vanic current  were  derived  from  an  independent  cell. 
This  is  diagrammatically  shown  in  Tig.  1G1. 

Dr.  G.  A.  Comte  has  recently  suggested  a most  prac- 
tical method  of  making  dies  for  metal  work  by  securing 
a copper  electrotype  of  the  impression  and  pouring  the 
die  metal  in  the  copper  form.  In  doing  this  a plaster 
impression  is  taken  and  allowed  to  dry.  It  is  then  im- 
mersed in  melted  beeswax  till  the  surface  at  least  is 
filled  with  the  same,  care  being  observed  that  there  is 
not  an  excess  filling  in  the  finer  lines.  In  order  to  facili- 
tate a later  step  in  the  process,  the  sides  are  built  up 
with  wax  in  just  the  shape  that  the  die  is  desired. 
Graphite  is  then  thoroughly  brushed  over  all  the  surface 
of  the  impression  and  its  side  walls.  This  is  then  cop- 
per plated  to  about  the  thickness  of  an  ordinary  visiting- 
card.  This  makes  a shell  which  is  an  exact  duplicate  of 
the  surface  from  which  the  impression  was  taken.  It 
is  then  embedded  in  sand  for  support  and  poured  full 
of  the  die  metal. 

The  author  suggests  that  an  impression  taken  in  mod- 
eling composition  will  take  a copper  plate  without  any 
prior  preparation,  except  as  to  the  coating  with  graphite. 
In  making  the  metallic  connection  to  the  impression  for 
plating,  a thin  strip  of  copper  is  fastened  to  the  edge 
of  the  mold  bv  means  of  beeswax  and  this  thoroughly 
covered  with  graphite. 

25 
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One  can  at  a glance  see  the  advantage  of  this  method 
of  making  a die.  It  is  a perfect  reproduction ; the 
surface  is  much  harder  than  that  of  a zinc  or  babbitt- 
metal  die;  if  a counter-die  is  cast,  there  is  no  danger  of 
melting  the  copper-covered  die.  When  this  method  of 
making  a die  is  used  in  conjunction  with  the  Parker 
method  of  swaging  with  shot  the  results  are  more  ac- 
curate and  the  whole  process  is  simplified.  Moreover, 
the  necessity  of  making  a core  as  was  formerly  done  in 
cases  which  would  not  draw  from  a sand  mold  is  en- 
tirely overcome. 

In  1888  and  1889  copper  amalgam  was  advocated 
and  was  used  to  some  extent  as  a filling  material.  While 
this  never  came  into  general  use,  it  however  has  vir- 
tues which  make  it  a useful  material  in  dental  practice, 
not  only  for  the  treatment  of  children’s  teeth,  but  for 
laboratory  purposes.  This  material,  being  compara- 
tively cheap,  may  be  used  for  dies  and  counter  dies  in 
crown  and  bridge  work.  Copper  amalgam  was  origi- 
nally made  by  triturating  precipitated  copper  in  mer- 
cury in  the  presence  of  mercuric  nitrate.  This  was  a 
slow  and  tedious  process  and  when  made  in  that  manner 
was  necessarily  expensive.  The  author,  in  March, 
1889,  read  a paper  before  the  Mississippi  Valley  Dental 
Association  describing  an  electrolytic  method  of  obtain- 
ing copper  amalgam,  which  made  the  process  quite 
simple,  and  the  product  very  cheap.  This  was  simply 
the  electroplating  of  mercury  with  copper.  While  the 
two  metals  have  no  affinity  for  one  another  unless  the 
surface  of  the  copper  is  first  washed  with  a solution  of 
mercuric  nitrate,  and  even  then  but  feebly,  if  the  copper 
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in  a very  line  state  of  division  is  presented  to  the  mer- 
cury in  a nascent  condition,  as  it  is  in  the  electrolytic 
process,  then  the  two  will  unite,  forming  a perfect 
amalgam. 

A glass  tumbler  was  used  as.  the  containing  vessel. 
The  bottom  was  covered  with  mercury  and  a wire  led 
from  this  to  the  surface  to  which  the  electrical  connec- 
tion was  to  be  made. 


A plate  of  electrolytic  copper  was  suspended  above, 
which  formed  the  anode.  The  vessel  was  filled  with 
a solution  of  chemically  pure  copper  sulphate,  and  crys- 
tals of  the  same  were  added  in  excess  to  keep  up  the 
strength  of  the  solution. 

"When  a weak  current  was  passed  through  the  solu- 
tion from  the  copper  anode  to  the  mercury,  the  solu- 
tion of  copper  sulphate  was  decomposed.  Sulphur  and 
oxygen,  being  electro-negative,  were  liberated  at  the 
positive  electrode  in  the  form  of  SO,,  technically  known 
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as  sulphion.  Hydrogen  and  copper  being  electro- 
positive were  liberated  at  the  negative  electrode.  The 
hydrogen  escapes  as  a gas,  and  the  copper  being  in  a 
nascent  state,  unites  with  the  mercury  constituting  the 
cathode  in  which  it  appears  to  assume  a crystalline 
form. 

When  the  mercury  has  become  a thick  mass  by  rea- 
son of  the  copper  that,  it  contains,  the  solution  is 
poured  off  and  the  amalgam  is  transferred  to  a mortar 
and  triturated  for  a few  minutes.  The  thick  paste  is 
quickly  reduced  to  what  again  appears  to  be  pure  mer- 
cury. If  now  the  mercury  be  taken  up  in  thick  chamois 
skin  and  manipulated  just  as  the  dentist  does  the  amal- 
gam preparatory  to  filling,  the  free  mercury  can  be 
expressed,  leaving  a thick  copper  amalgam  paste  behind. 
This  mass  is  again  and  again  triturated  and  the  mer- 
cury expressed  till  it  becomes  too  stiff  to  manage,  when 
it  is  put  away  to  crystallize.  In  a day  or  two  this  mass 
will  be  found  to  be  quite  hard.  It  should  then  be  gently 
heated  in  an  iron  spoon  over  a flame  until  mercury  ap- 
pears upon  its  surface  in  the  form  of  minute  beads. 
It  can  then  be  crushed  in  a mortar  and  more  mercury 
obtained  from  it  in  the  usual  manner.  When  the  re- 
sulting mass  of  copper  and  mercury  has  been  allowed  to 
again  crystallize,  it  is  ready  for  use.  It  should, 
however,  be  put  up  in  the  form  of  little  pellets  to  facili- 
tate its  working  when  used  as  a filling  material. 

This  material,  if  it  does  not  contain  too  much  mer- 
cury, is  very  hard  when  crystallized.  It  possesses  al- 
most a flint-like  hardness,  which,  if  the  exact  propor- 
tions of  mercury  and  copper  have  been  obtained,  is 
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such  that  it  can  he  scarcely  affected  by  a file,  and  yet 
after  the  application  of  a little  heat,  the  pellet  can  he 
easily  crushed  and  made  into  a plastic  mass  again. 

When  a mass  of  copper  amalgam  is  allowed  to  harden 
it  appears  to  undergo  a crystallizing  process,  and  when 
heat  is  applied  the  mercury  seems  to  return  to  its  fluid 
form,  thus  facilitating  the  breaking  up  of  the  pellet. 
In  this  manner  the  material  can  be  worked  over  and 
over  again,  it  being  only  necessary  when  the  mass  works 
too  stiff,  to  add  a globule  of  mercury  to  take  the  place 
of  that  lost  by  evaporation. 

Nickel  is  one  of  the  most  widely  used  metals  in  elec- 
troplating. If  we  except  the  value  of  copper  as  an  elec- 
trotyping material,  no  metal  has  the  commercial  im- 
portance of  nickel  when  used  for  electroplating.  In  the 
early  history  of  nickel-plating,  this  metal  was  used  to 
plate  cooking  utensils,  table-ware,  and  articles  which 
were  subjected  to  the  action  of  sulphurous  fumes  and 
solvent  acids.  When  thus  exposed,  if  the  surface  were 
not  soon  denuded  of  its  nickel  coating,  it  would  put  on 
such  a dingy  appearance  as  to  be  very  unsightly. 

In  the  course  of  time  it  was  learned  just  where  it 
was  to  be  avoided,  and  it  was  at  the  same  time  learned 
just  where  the  proper  applications  were  to  he  made. 
Its  white  color,  its  hardness,  and  its  non-oxidizable 
nature  make  it  of  special  value  as  a protective  and  beau- 
tifying cover  for  all  metals  exposed  to  the  air.  Iron, 
brass,  copper,  and  steel,  the  metals  most  extensively 
used,  may  be  readily  covered  with  a coating  of  nickel 
and  their  usefulness,  as  well  as  beauty,  largely  in- 
creased. 
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Iron,  the  cheapest  of  metals,  by  reason  of  its  nickel 
plate,  has  taken  the  place  of  many  of  the  more  expensive 
metals. 

The  first  attempts  at  nickel  plating  were  not  the 
most  satisfactory.  It  was  not  until  1870,  when  Mr. 
Adams  patented  a process  for  nickel  plating,  that  arti- 
cles plated  with  this  metal  attained  a commercial  value. 
The  process  just  referred  to,  does  not  pertain  so  much 
to  a method  as  it  does  to  the  agents  employed,  Adams 
used  a solution  of  the  double  sulphate  of  nickel  and 
ammonium.  This,  to  give  the  best  results,  should  be 
of  neither  acid  nor  alkaline  reaction,  and  much  stress 
was  laid  upon  keeping  the  solution  as  nearly  neutral  as 
possible,  by  the  addition  of  ammonia,  if  acid,  or  by 
the  addition  of  a little  sulphuric  acid,  if  alkaline. 

While  the  double  sulphate  of  nickel  and  ammonia  is 
the  most  extensively  used,  there  are  othei;  solutions 
which  give  excellent  results.  The  double  chloride  of 
nickel  and  ammonium,  the  acetates  of  nickel  and  cal- 
cium, and  the  double  cyanide  of  nickel  and  potassium 
are  frequently  used.  The  addition  of  a little  boric 
acid  to  the  sulphate  bath  will  keep  it  in  good  condition 
and  prevent  the  formation  of  sub-salts;  the  addition  of 
a little  benzoic  acid  will  prevent  an  uneven  deposit  of 
the  nickel,  and  a little  common  salt  will  make  the  solu- 
tion a better  conductor  of  electricity. 

The  double  sulphate  nickel  solution  is  prepared  in 
the  following  manner:  Dissolve  about. twelve  ounces 

of  the  double  sulphate  of  nickel  and  ammonia  salt  in 
sufficient  hot  water  to  effect  a complete  solution.  This 
should  then  be  filtered  and  enough  cold  water  added  to 
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make  one  gallon.  It  skonlcl  then  be  tested  with  litmus 
paper  and  made  neutral  by  the  addition  of  the  neutraliz- 
ing agent.  While  it  has  been  recommended  that  the 
nickel  solution  should  always  be  neutral,  it  has  been 
found  that  a slightly  acid  reaction  is  sometimes  to  be 
preferred  when  plating  iron  and  steel  objects. 

The  Desmur  solution  which  is  especially  suitable  for 
small  articles  is  made  up  as  follows : 


Double  sulphate  of  nickel  and  ammonium 1 lb. 

Bicarbonate  of  soda 1 oz. 

Rain  water 6 qts. 


The  nickel  salt  is  dissolved  in  the  water  which  should 
be  hot,  and  the  soda  added  a little  at  a time,  to  prevent 
too  violent  effervescence. 

The  anode  used  in  nickel  plating  is  usually  pure 
nickel  somewhat  larger  than  the  object  to  be  plated.  In 
some  cases  a little  iron  is  alloyed  with  the  anode.  For 
dental  purposes  the  thin  remnant  of  the  larger  ones 
used  in  plating  establishments  makes  a very  desirable 
anode. 

Xickel  solutions  are  not  so  easily  decomposed  as  are 
those  of  most  metals.  Whereas  gold  and  platinum  so- 
lutions require  scarcely  more  than  half  a volt  to  effect 
decomposition,  nickel  solutions  require  from  five  to  six 
volts.  For  the  best  results  as  low  a voltage  as  will  deposit 
should  be  used.  A strong  current  produces  a deposit  in 
fine  grains  and  one  not  susceptible  of  a high  polish. 
Or  it  may  be  one  which  is  liable  to  strip  during  or  after 
the  finishing. 

Tn  nickel  plating,  as  in  all  electroplating,  it  is  best 
to  have  the  current  turned  on  before  immersing  the  ob- 
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ject  in  the  solution.  By  so  doing  the  article  is  “struck” 
by  a film  of  metal  the  moment  of  its  immersion  and  any 
local  action  is  thereby  prevented.  It  is,  moreover,  a 
good  plan  to  use  a rather  high  voltage  at  first,  and  when 
the  process  has  been  well  begun  to  reduce  it.  Gold,  plati- 
num, silver,  and  copper  plated  objects  may  be  taken 
from  the  bath  for  examination  from  time  to  time,  but 
nickel-plated  objects  should  not  be  removed,  as  the  de- 
posit following  its  second  immersion,  is  liable  to  strip. 

The  finishing  of  all  plated  articles  depends  upon  the 
metal  used  in  plating  and  the  uses  for  which  it  is  in- 
tended. Some  metals,  gold  and  silver  for  instance,  re- 
quire but  very  little,  and  for  some  effects,  these  metals 
require  no  finishing  at  all.  If  silver  has  been  deposited 
in  good  condition,  its  natural  frosted  appearance  is  all 
that  could  he  desired  for  some  purposes.  Xickel,  how- 
ever, is  usually  polished.  The  softer  metals  may  be 
polished  by  the  same  methods  that  are  used  in  the  dental 
laboratory  for  dentures,  or  they  may  be  burnished. 

Often,  good  effects  can  he  produced  by  a combination 
of  both  buff  polishing  and  burnishing.  Xickel,  how- 
ever, requires  a different  treatment  for  obtaining  the 
high  polish  characteristic  of  the  nickel  finish.  Xickel- 
plated  articles  should  be  immediately  plunged  into  hot 
water  after  removing  from  the  plating  bath  and  then 
laid  away  to  dry.  When  dry  the  article  is  polished 
with  a buff  made  of  a large  number  of  discs  of  calico 
cloth  mounted  on  a mandrel,  along  with  which  may  be 
used  a little  lime  or  prepared  chalk 


CHAPTER  X. 

Cataphoresis. 

The  term  “cataphoresis”  from  the  Greek,  meaning 
to  carry  along,  is  nsecl  in  medicine  and  dentistry  to 
designate  a method  of  practice  in  which  medicaments 
are  introduced  into  the  tissues  by  means  of  an  electric 
current.  And,  in  the  course  of  time  as  its  phenomena 
became  better  understood,  the  term  appears  to  be  cor- 
rect for  there  is  but  little  question  but  that  medicinal 
agents  under  certain  conditions  can  be  bodily  trans- 
ferred by  the  aid  of  an  electric  current  without  siifFer- 
ing  electrolytic  decomposition,  at  least  in  part.  This 
property  of  the  electric  current  was  discovered  early  in 
the  history  of  modern  electricity.  Davy  had  made 
known  the  phenomenon  of  electrolysis,  and  Oersted,  Am- 
pere, and  Faraday  were  immortalizing  their  names  by 
their  discoveries  in  electromagnetism.  The  scientists  at 
that  time  were  almost  dailv  discovering:  something  new. 
About  two  years  after  Faraday’s  discovery  of  the  elec- 
tromagnetic property  of  an  electric  current  in  1831, 
Fabre-Palaprat  employed  a weak  galvanic  current  to 
introduce  iodine  solutions  into  the  tissues  for  medicinal 
treatment.  While  this  method  of  medication  did  not 
receive  universal  attention,  it  however  embodied  all  the 
principles  of,  and  was  the  foundation  of  modern  cata- 
phoresis. 
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Dr.  W.  B.  Richardson,  of  London,  in  1859,  demon- 
strated a method  of  producing  anaesthesia  by  using  a 
sponge  saturated  with  chloroform  or  other  anaesthetics 
and  placing  upon  this  the  positive  pole  of  a battery  cur- 
rent, the  negative  pole  being  in  contact  with  another 
portion  of  the  body.  The  method  of  Doctor  Richard- 
son differs  from  that  of  Fabre-Palaprat  only  in  the 
medicinal  agent  used.  The  one  was  for  local  medicinal 
treatment  and  the  other  was  for  producing  anaesthesia. 
The  technic  of  both  as  well  as  the  results  obtained  were 
practically  the  same.  The  Frenchman  had  success  in 
his  medicinal  treatment,  and  in  the  same  manner  about 
twenty-five  years  later  Doctor  Richardson  produced 
local  anaesthesia. 

Again,  after  a lapse  of  another  period  of  like  dura- 
tion, in  which  time  the  subject  was  taken  tip  experi- 
mentally by  Peterson  in  this  country  and  Lawrence 
and  Harris  in  England,  and  others,  Dr.  D.  F.  McGraw 
contributed  two  articles  before  the  Minnesota  State  and 
local  dental  societies  in  1S88  upon  the  cataphoric  use 
of  cocaine  for  sensitive  dentine.  A third  paper  of  Doc- 
tor McGraw  was  read  upon  the  same  subject  the  follow- 
ing year  at  the  twenty -fifth  anniversary  of  the  Chicago 
Dental  Society  by  Doctor  Thomas  E.  Weeks,  Doctor 
McGraw  not  being  present.  This  method  had  been  in 
practical  use  to  a limited  extent  bv  Doctor  McGraw  and 
his  friends,  for  Doctor  Weeks  at  the  same  meeting  in  a 
paper  of  his  own  upon  the  treatment  of  sensitive  den- 
tine, speaks  of  having  painlessly  removed  the  pulps  of 
ten  teeth  after  the  McGraw  method. 

Doctor  McGraw  used  a six  per  cent,  solution  of  eo- 
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caine  in  alcohol,  applying  the  positive  pole  to  the 
pledget  of  cotton  containing  the  medicament.  He  em- 
ployed four  cells  of  battery  which  would  have  given 
him  about  six  volts’  pressure.  The  length  of  time  in 
making  an  application  was  from  three  to  nine  minutes. 
In  this  manner,  in  not  the  least  particular  different 
from  the  practical  use  of  cataphoresis  of  to-day,  Doctor 
McGraw  was  enabled  to  anaesthetize  the  dentine  of  the 
tooth. 

His  theory  as  to  the  mode  of  action  was  as  follows : 
‘‘The  galvanic  current  acts  as  a vehicle  for  conducting 
the  medicinal  agents ; the  cocaine  current  anaesthetizes 
the  odontoblastic  cells  and  the  pulp ; the  styptic  proper- 
ties of  the  alcohol  'act  upon  the  dentinal  fibrils,  they 
being  of  an  albuminous  nature,  causing  contraction 
and  increased  density  and  firmness.”  The  theory  of 
the  action  of  cataphoresis  is  still  unsettled,  and  it  may 
be  said  that  the  one  promulgated  by  Doctor  McGraw  is 
possibly  as  nearly  correct  as  any  that  have  been  ad- 
vanced in  later  days. 

Doctor  A.  C.  Westlake  contributed  an  article  upon 
“Electricity;  Its  Application  in  Dental  Practice,”  in 
1892,  in  which  he  touches  upon  the  use  of  cocaine  elec- 
trically applied  for  the  treatment  of  sensitive  dentine. 

The  dental  profession,  however,  did  not  take  up  the 
subject  to  any  extent  till  it  was  impressed  upon  it  bv 
Dr.  W.  J.  Morton,  of  Hew  York,  and  Dr.  Henry  W. 
Gillett,  of  Xewport,  Rhode  Island,  in  1895  and  1896. 
Doctor  Morton  had  presented  two  papers  upon  the  sub- 
ject, one  in  .Tune,  1895,  upon  “Cataphoresis  and  Solu- 
tions of  H:;02  for  Bleaching  Teeth,”  and  one  in  Janu- 
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ary,  1896,  upon  “Guiacol-Cocaine  Gataphoresis  and 
Local  Anaesthesia.”  Both  of  these  agents  were  to  be 
cataphorically  applied.  Doctor  Gillett  in  1895  pre- 
sented a paper  before  the  New  Jersey  Dental  Society, 
and  a week  later  one  before  the  American  Dental  Associ- 
ation upon  “Gataphoresis  for  Obtunding  Sensitive  Den- 
tine.” Here,  for  the  first  time,  the  dental  profession 
awoke  to  the  possibilities  of  cataphoresis  for  the  appli- 
cation of  medicinal  agents,  its  possibilities  in  the 
treatment  of  sensitive  dentine,  for  the  painless  removal 
of  live  pulps,  in  fact  as  a panacea  for  all  that  was  pain- 
ful in  dentistry. 

While  the  experimenters  up  to  this  time  had  not  com- 
plained of  the  difficulties  attending  the  process  from  an 
electrical  point  of  view,  it  seemed  that  for  the  use  of  the 
current  upon  sensitive  dentine  provision  must  be  made 
for  a very  gradual  increase  in  its  strength,  not  by  jumps 
of  a cell  at  a time  but  by  the  gradual  increase  of  the 
fraction  of  a volt.  In  fact,  it  was  soon  learned  that  the 
tooth  was  so  sensitive  to  electricity  applied  in  this  man- 
ner that  it  could  detect  an  increase  in  the  pressure  of 
less  than  one-tenth  of  a volt.  For  the  purpose  of  meet- 
ing this  problem,  Mr.  G.  M.  Wheeler  devised  what  he 
termed  a “fractional  volt  selector.”  This  was  simply 
a shunt  rheostat  so  constructed  with  a lare;e  number  of 
steps  that  the  increase  from  step  to  step  would  not  pro- 
duce a shock  that  would  be  painful  to  the  patient.  This 
is  shown  in  Fig.  163. 

The  introduction  of  this  appliance  supported  by  the 
wonderful  claims  for  cataphoresis  made  by  Doctors 
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Morton  and  Gillett  marked  the  beginning  of  the  cata- 
phoric wave  in  dentistry. 

From  the  very  beginning  of  the  practical  application 
of  electricity  for  cataphoric  purposes,  a variety  of  the- 
ories have  been  set  forth  which  attempted  to  explain 


Fig.  163.— Wheeler  Fractional  Volt  Selector. 


the  exact  nature  of  the  phenomenon.  And,  even  at  this 
day,  there  appears  to  be  no  unanimity  of  theory  as 
to  the  precise  method  of  action,  in  spite  of  the  fact  that 
it  has  been  shown  that  medicinal  agents  can  be  diffused 
into  a porous  and  electrically  conducting  substance  in 
a state  which  appears  both  in  a chemical  respect  and  in 
its  therapeutic  effect  upon  animal  tissues  to  he  un- 
changed. There  are  two  principal  theories,  namely, 
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osmosis  and  electrolysis.  Dr.  Weston  A.  Price  credits 
a third  theory,  “The  Polarization  of  the  Tissue,  Pro- 
ducing an  Inhibition  of  Sensory  Impulse,”  with  con- 
sideration. But  we  believe  this  has  rather  a far-fetched 
relation  to  cataphoresis.  As  a matter  of  fact  it  has 
none ; for  cataphoresis  strictly  means  to  carry  along 
as  a stream  carries  a chip.  The  polarization  of  the  tis- 
sue, little  as  it  has  been  found  to  be,  is  not  due  to  any 
agent  carried  with  the  current  hut  to  the  electric  current 
itself.  Xor  does  clinical  experience  furnish  any  sub- 
stantial proof  of  the  correctness  of  this  theory. 

While  the  phenomena  of  electrolysis  are  familiar  to 
most  people  and  the  laws  governing  the  changes  pro- 
duced thereby  are  well  understood,  there  does  not  seem 
to  be  an  equally  clear  conception  of  osmose,  or  rather 
electrical  osmosis  as  the  electrical  process  is  called.  In 
electrolysis,  the  decomposition  of  compound  substances, 
the  re-formation  of  new  compounds  according  to  their 
electrical  affinities,  and  the  transfer  of  elements,  follow 
certain  laws  that  are  well  established.  The  splitting 
up  of  a compound  into  groups  of  the  same  electrical 
polarity,  the  formation  of  ions,  and  their  travel  toward 
the  pole  of  opposite  polarity  is  a well-known  law  of 
electrolysis. 

In  osmosis  without  the  aid  of  electricity  there  is  a 
diffusion  of  liquids  through  a membrane  or  porous  par- 
tition that  goes  on  as  the  result  of  molecular  attraction. 
This  is  purely  a physical  force  due  to  the  difference  in 
affinities  between  the  two  solutions.  A vessel  with  a 
membranous  partition,  having  a solution  of  sugar  on 
one  side  and  pure  water  on  the  other  at  the  same 
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height,  will  undergo  a change  of  level  due  to  the  pas- 
sage of  a portion  of  the  pure  water  into  the  sugar  water  * 
compartment.  This  is  simple  osmosis. 

If  now  we  take  a like  vessel  and  fill  each  compart- 
ment to  an  equal  level  with  the  same  fluid  no  change 
takes  place  ordinarily.  If,  however,  a current  of  elec- 
tricity be  passed  through  the  two  compartments  a por- 
tion of  the  liquid  will  be  carried  through  the  membrane 
in  the  direction  in  which  the  current  is  flowing  in  a man- 
ner similar  to  the  osmosis  of  different  liquids.  This  is 
electrical  osmosis,  or  cataphoresis. 

In  electrolysis  there  is  a splitting  up  of  the  molecule 
according  to  electrical  affinities.  The  electro-positive 
element  or  elements  forming  an  ion  travel  toward  the 
negative  pole  while  the  electro-negative  travel  in  the  op- 
posite direction.  In  simple  cataphoresis  there  is  a 
bodily  transportation  of  the  solution  without  decompo- 
sition. In  dentine  cataphoresis,  where  the  conditions 
are  not  as  favorable  as  in  the  case  of  the  vessel  with  a 
simple  membraneous  septum,  both  processes  may  be 
going  on  at  the  same  time.  That  is,  there  may  be  an 
electrolytic  decomposition  of  the  cocaine  in  the  cavity  of 
the  tooth  and  at  the  same  time  a conveyance  of  some 
of  the  cocaine  solution  unchanged  into  the  dentinal 
canaliculi. 

Doctor  Price  is  of  the  opinion  that  the  underlying 
force  in  cataphoresis  is  not  as  just  stated,  but  that  the 
whole  process  is  carried  on  by  the  same  laws  that  govern 
simple  electrolysis.  He  believes  that  the  cocaine  is 
split  into  ions  first,  and  that  the  electro-negative  ion  is 
the  part  which  enters  the  dentine  and  which  produces 
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the  anaesthetic  effect.  If  it  can  he  shown  that  the  elec- 
tro-negative ion  of  the  cocaine  solution  is  an  anaesthetic, 
then  the  theory  of  Doctor  Price  becomes  most  plausible, 
and  instead  of  this  process  being  a cataphoric  action  it 
is  electrolytic,  pure  and  simple. 

There  is  no  question  but  that  electrolysis  is  going  on 
to  a large  extent ; perhaps  this  is  the  greater  part  of 
the  action  in  the  cavity,  as  is  shown  by  the  active  libera- 
tion of  gas  and  the  rapid  change  to  a strong  acid  re- 
action as  has  been  shown  by  Prof.  J.  S.  Cassidy.  But 
even  in  excess  of  all  this  we  believe  that,  following  the 
laws  of  electrical  osmosis,  a portion  of  the  cocaine  is  car- 
ried into  the  dentine  without  having  suffered  decompo- 
sition. The  laws  governing  electrolysis  are  fixed  and 
in  like  manner  are  those  governing  osmosis.  Electrical 
osmosis  may  be  carried  on  through  a simple  membrane 
with  little  loss  by  electrolytic  decomposition,  but  in 
semi-porous  conductors  and  with  the  use  of  certain 
agents  more  or  less  electrolytic  action  will  also  be 
going  on  at  the  same  time. 

In  summing  up  the  two  theories,  that  is  of  simple 
electrolysis  in  which  the  ion  carried  into  the  dentine 
is  the  anaesthetic,  as  promulgated  by  Doctor  Price,  and 
of  the  carrying  in  of  the  cocaine  bodily,  we  must  not 
overlook  the  fact  that  both  processes  are  probably  going 
on  at  the  same  time;  and  until  it  is  clearly  demon- 
strated that  the  electro-negative  ion  of  the  cocaine  solu- 
tion  is  capable  of  producing  the  anaesthetic  effect  which 
is  characteristic  of  the  undivided  cocaine  solution  we 
may  maintain  the  belief  that  the  anaesthetic  effect,  after 
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all,  is  due  to  electrical  osmosis  or  cataplioresis,  as  it  lias 
beeu  termed. 

Tlie  electrical  considerations  which  enter  into  a suc- 
cessful application  of  cataplioresis  for  the  relief  of 
sensitive  dentine  are  somewhat  complex,  and  it  may  be 
said  that  there  is  no  process  in  dental  practice  in  which 
final  success  depends  so  much  upon  the  precise  carry- 
ing out  of  every  little  detail  as  in  cataplioresis.  The 
slipping  of  a clamp,  the  leakage  of  the  rubber,  the  pres- 
ence of  an  unsuspected  filling,  a broken  connection  and 
many  other  little  things,  which  of  themselves  may  be 
so  slight  as  to  escape  notice  unless  the  operator  is  awake 
to  the  full  importance  of  every  detail,  will  cause  a fail- 
ure in  the  end. 

Since  in  cataplioresis  there  must  be  an  actual  con- 
veyance of  the  medicinal  agent,  the  current  must  flow 
in  one  direction.  It.  may  be  continuous,  pulsating  or 
interrupted,  but  so  long  as  it  flows  in  one  direction 
when  in  motion,  the  result  will  be  the  same,  and  a suit- 
able agent  will  be  carried  with  it.  It  has  long  been  ob- 
served, however,  that  the  more  uniform  the  pressure  is 
maintained  on  a continuous  current  or  the  more  gradu- 
ally it  is  raised,  the  less  it  is  felt  in  its  various  applica- 
tions in  electrotherapeutics,  and  in  proportion  as  the 
pressure  varies  while  it  may  still  be  continuous,  it  will 
be  painful  to  the  patient.  It  may,  therefore,  be  stated 
that  under  steady  pressure  a weak  continuous  current  is 
not  painful  but  becomes  so  when  it  pulsates.  It  be- 
comes more  so  when,  it  is  interrupted  and  still  more  so 
when  it  is  reversed  in  direction.  It  is  for  this  reason 

that  the  interrupted  current  is  used  in  shocking  ma- 
26 
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chines  and  that  the  alternating  current  is  so  deadly. 
Doctor  Morton  and  others  prefer  the  galvanic  current 
partly  for  the  smooth  voltage  which  is  characteristic  of 
this  current  and  the  small  amount  of  pain  accompanying 
its  applications.  On  the  other  hand,  there  are  those  who 
claim  that  the  Edison  current  furnishes  a practically 
uniform  voltage.  Theoretically  the  galvanic  current 
gives  the  more  uniform  pressure,  but  those  who  use  it 
seem  to  overlook  the  fact  that  they  annul  this  virtue  of 
battery  power  every  time  they  touch  the  rheostat  for  in- 
creasing the  current,  as  is  customary  in  its  application. 
If  we  were  endeavoring  to  use  a current  from  a source 
which  would  give  the  least  fluctuation  of  pressure,  the 
thermopile  should  be  used  instead  of  either ; for  here  we 
have  a current  not  dependent  upon  a chemical  action 
which  is  not  uniform  at  all  times  during  the  action  of 
galvanic  batteries,  nor  is  it  dependent  upon  the  fine  divi- 
sion of  the  segments  of  the  commutator  of  the  dynamo- 
generated  current.  The  current  derived  from  the  ther- 
mopile is  dependent  upon  the  difference  in  temperature 
that  exists  at  the  opposite  ends  of  the  couplets.  In  the 
practical  operation  of  this  instrument  heat  is  applied 
upon  the  inner  ends  of  the  couplets  and  as  their  tem- 
perature rises  electromotive  force  is  felt  at  the  terminals. 
This  increases  gradually  to  the  limit  of  the  appliance 
where  it  steadily  remains.  Owing  to  the  large  mass  of 
metal  and  its  heat-retaining  property,  the  current  from 
the  thermopile  will  be  the  most  uniform  in  pressure  that 
can  be  obtained  from  any  source.  But,  as  before  stated, 
this  virtue  is  lost  when  a rheostat  is  used  for  gradually 
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bringing  up  the  pressure  as  is  the  method  in  the  prac- 
tical application  of  cataphoresis. 

The  Edison  current  is  ordinarily  supplied  at  one  hun- 
dred and  ten  volts  pressure.  This  does  not  vary  to  any 
great  extent  at  any  time.  When  it  does  it  is  usually 
so  slow  that  the  change  would  not  be  felt  by  the  patient. 
In  nearly  all  cities  the  pressure  drops  at  about  five 
o’clock,  owing  to  the  large  amount  of  current  consumed 
at  that  time  in  the  lighting  of  the  houses  and  stores. 
This,  however,  is  a gradual  drop  and  it  may  take  an  hour 
to  show  a change  of  two  volts.  It  should  not.  therefore, 
be  considered  a serious  objection  to  the  commercial  cur- 
rent. There  is  another  condition,  however,  which  en- 
tirely forbids  the  use  of  a commercial  current  for  cata- 
phoric purposes.  Many  dental  offices  in  large  cities  are 
in  office  buildings^ which  operate  their  own  plants.  This 
current  is  used  for  the  light  and  power  of  the  build- 
ing. In  many  cases  the  elevators  are  operated  from  the 
same  plant.  In  these  instances  the  feed  supply  has  not 
the  reserve  to  be  unaffected  by  the  sudden  demand  for 
current  necessary  to  operate  the  large  elevator  motors, 
and  while  such  a current  is  practically  steady  for  power 
and  lighting  purposes,  it  is  unfit  for  cataphoresis.  The 
pressure  will  fluctuate  to  such  an  extent  as  to  be  pain- 
fully felt  by  the  patient.  In  a few  instances  of  city 
supply,  the  dentist  may  be  obtaining  his  current  from 
the  same  line  that  supplies  a large  motor  in  the  neigh- 
borhood. In  this  instance  also,  the  commercial  current 
is  unfit  for  cataphoresis. 

Ordinarily,  however,  the  commercial  one  hundred 
and  ten  volt  constant  current  can  be  satisfactorily  em- 
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ployed  for  cataphoric  purposes,  but  with  certain  pre- 
cautions. When  the  current  used  for  cataphoresis  is 
what  is  known  as  a current  in  shunt  with  the  main  as 
all  such  currents  should  be,  the  variation  in  voltage  at 
the  poles  is  in  proportion  as  the  cataphoric  current  is 
to  one  hundred  and  ten.  For  instance,  if  the  Edison 
voltage  is  one  hundred  and  ten,  and  the  cataphoric  volt- 
age averages  ten  during  the  administration,  it  would  be 
necessary  that  the  Edison  current  should  vary  eleven 
volts  to  produce  one  volt  variation  in  the  shunt;  or  in 
other  words,  a variation  of  five  volts,  for  instance,  an 
unusually  large  variation  in  the  main,  would  produce 
a variation  of  hut  half  a volt  at  the  cataphoric  poles. 
Such  a variation  in  the  main  of  a commercial  current  is 
very  unusual,  and  should  it  occur,  it  is  scarcely  more 
than  takes  place  when  the  dentist  operates  the  rheostat 
for  raising  the  voltage.  The  cataphoric  current  can 
sometimes  he  increased  from  one  to  five  volts  without 
being  painful  to  the  patient.  Altogether  the  objection 
to  the  commercial  current  on  the  ground  of  its  unsteady 
pressure  does  not  appear  to  be  as  strong  as  claimed,  and 
especially  if  the  cataphoric  current  be  a shunt  to  the 
main.  In  appliances  of  the  author’s  invention  as  shown 
in  Figs.  165  and  166,  the  cataphoric  current  is  made  a 
third  shunt  to  the  main  which  gives  a current  of  unusual 
smoothness. 

There  is  a more  important  objection  to  the  commer- 
cial  current  than  that  of  its  unsteady  pressure,  and  that 
is  the  danger  of  a sudden  shock  due  either  to  grounding 
or  to  crossing  of  the  wires.  Tn  many  offices  a fountain 
cuspidor  is  attached  to  the  dental  chair.  While  there 
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may  be  no  metallic  connection  between  the  chair  and 
the  water  pipes,  the  column,  of  water  in  the  rubber  sup- 
ply tube  furnishes  a path  of  sufficient  carrying  capacity 
to  supply  all  the  conditions  for  a good  ground.  This 
may  not  he  sufficient  to  operate  a motor  or  a lamp,  but 
is  ample  for  cataphoric  mischief.  The  author  has  re- 
peatedly tested  and  found  that  under  certain  conditions 
and  arrangements  of  connections,  it  is  possible  to  have 
nearly  the  full  current  pressure  operative.  It  is  an 
easy  matter  for  the  patient  at  the  time  of  an  application 
to  touch  the  metal  work  of  the  chair,  and  should  the  con- 
nections be  carelessly  made,  a severe  shock  will  ensue. 

The  second  source  of  danger  is  from  the  supply  cur- 
rent itself.  In  the  three-wire  system  it  is  not  an  un- 
common occurrence  to  accidentally  cross  or  connect  the 
two  outer  wires  together.  In  so  doing  the  voltage  of  the 
cataphoric  current  is  doubled  and  a patient  under 
administration  receives  a severe  shock.  The  current  to 
the  patient  is  just  twice  its  original  voltage  and  while  it 
is  not  a dangerous  increase,  it  is  one  which  should  never 
happen  to  either  patient  or  operator. 

Much  has  been  said  of  the  dangers  which  might  fol- 
low the  accidental  crossing  of  the  power  and  arc-light 
wires  with  the  one  hundred  and  ten  volt  conductors. 
There  is  very  little  danger  from  this  source  unless  there 
should  he  a ground  through  the  patient  at  the  same  mo- 
ment. The  high  pressure  of  the  other  circuit  would 
dissipate  itself  immediately  in  the  ample  outlets  of  the 
lower  pressure  currents.  It  would  be  much  like  try- 
ing to  raise  the  pressure  of  the  water  in  the  large  mains 
by  injecting  into  one  of  the  pipes  a fine  stream  under 
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high  pressure.  The  many  outlets  that  are  constantly 
open  on  the  mains  prevent  even  the  slightest  rise  in 
pressure  from  the  additional  fine  stream  of  water  under 
high  pressure.  It  may  be  slightly  felt  in  the  immediate 
neighborhood  but  the  rapid  dissipation  through  the 
many  outlets  would  prevent  any  general  effect. 

If  the  operator  will  bear  these  possibilities  in  mind 
and  insulate  his  fountain  cuspidor  from  the  metal  work 
of  the  chair  by  means  of  fiber  bushings,  as  the  author 
has  done,  he  may  with  reasonable  safety  use  the  one 
hundred  and  ten  volt  current  for  cataphoresis.  His 
current  supply  should  come  directly  from  the  mains 
and  there  should  not  be  an  intermittent  use  of  large 
quantities  of  current  in  the  immediate  neighborhood. 
Nor  should  he  himself  be  cutting  current  in  or  out  for 
the  operation  of  other  electrical  appliances  in  his  offices : 
for  the  supply  wires  to  his  office,  while  heavy  enough 
to  carry  all  the  current  necessary,  usually  have  sufficient 
resistance  to  cause  noticeable  variation  if  other  appli- 
ances are  used  at  the  same  time. 

A much  safer  method,  although  not  as  convenient,  is 
the  use  of  a battery  as  a source  of  current.  Having 
gone  over  the  entire  ground  both  as  an  operator  and  as 
an  inventor  of  cataphoric  appliances,  the  author  would 
recommend  a battery  consisting  of  about  a dozen  Le- 
clanche  cells,  such  as  are  to  be  found  upon  the  market 
for  operating  bells  and  telephones.  Dry  cells  may  be 
used  with  some  satisfaction,  but  their  short  life  is  an 
objection  which  it.  seems  is  scarcely  balanced  by  their 
natural  cleanliness.  The  storage  battery  is  still  an- 
other source,  but  unless  the  operator  has  other  uses  for 
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it  the  necessary  attention  scarcely  justifies  the  use  of  this 
battery  for  this  purpose.  The  Leclanche  cell  first  re- 
ferred to  is  an  open-circuit  cell  and  is  not  wasting  itself 
when  not  in  use.  Its  period  of  action  is  usually  long 
enough  to  supply  a continuous  current  for  cataplioresis 
for  a sufficient  length  of  time.  In  practice,  cataphoric 
applications  are  not  usually  so  frequent  or  so  numerous 
but  that  the  battery  has  had  time  to  recuperate  between 
intervals. 

The  tooth,  the  enamel,  the  arrangement  of  the  canalic- 
uli  of  the  dentine,  the  relation  of  the  pulp,  and  the  po- 
sition of  the  negative  electrode  are  considerations,  the 
importance  of  which  cannot  he  overestimated.  These 
are  the  foundation  of  a successful  cataphoric  operation. 

The  enamel  consists  of  ninety-seven  per  cent,  of  lime 
salts,  which  is  a non-conductor  of  electricity  and  the  re- 
maining three  per  cent,  of  animal  matter  is  such  a small 
amount  that  it  offers  so  much  resistance  as  to  be  prac- 
tically a non-conductor.  This  fact  that  a sound  tooth 
is  covered  by  a non-conductor  of  electricity  has  an  im- 
portant bearing  upon  cataphoric  operations  and  it  may 
have  a physiological  significance  as  well. 

On  the  other  hand,  the  dentine  is  made  up  of  about 
one-third  animal  matter  which  contains  water,  making 
it  a good  conductor  of  electricity.  The  matrix  of  the 
dentine  is  almost  solid  lime  structure,  and  like  the 
enamel  is  a non-conductor.  But  within  the  tubuli 
which  ai-e  radially  arranged  centering  at  the  pulp  canal 
are  contained  the  dentinal  fibrils  which  are  made  up 
almost  entirely  of  water.  It  is  these  fibrils  that  we 
wish  to  obtund,  and  fortunately  the  large  percentage  of 
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water  makes  them  good  conductors  of  electricity.  When 
current  is  applied  it  follows  these  canals  to  the  pulp. 
Herein  lies  the  importance  of  first  enlarging  the  cavity 
at  its  opening  as  much  as  possible  before  applying  the 
current,  for  the  fibrils  anastomose  so  little  that  the  area 
of  anaesthesia  will  be  confined  almost  entirely  to  those 
tubuli  whose  mouths  open  into  the  cavity.  It  is  only 
in  long  applications  and  where  the  cataphoric  effect 
reaches  the  pulp  that  the  fibrils  supplied  to  other  por- 
tions of  the  crown  will  become  anaesthetized. 

The  quantity  of  current  that  can  be  used  in  an  opera- 
tion, the  length  of  time  and  the  pain  limit  being  equal, 
depends  entirely  upon  the  area  of  exposed  dentine.  In 
the  first  days  of  dentine  cataphoresis  widely  different 
reports  found  their  way  into  print  as  to'  the  quantity  of 
current  used.  In  one  case  the  operator  could  scarcely 
reach  more  than  one-tenth  of  a milliampere,  while  in 
another  he  reached  as  high  as  half  a milliampere,  and 
in  a few  cases,  due  to  the  leakage  of  the  rubber,  he 
might  register  fifty  milliamperes.  The  cause  for  all 
this  was  to  be  found  in  the  area  of  exposed  dentine, 
or,  as  in  the  last  case,  an  accident.  A small  exposure 
of  dentine  is  like  a fine  wire ; it  offers  more  resistance 
than  a large  cavity  or  a thick  wire.  In  the  practice  of 
cataphoresis,  we  must  consider  the  path  from  the  posi- 
tive pole  in  the  cavity  to  the  negative  pole  at  the  sponge 
to  be  like  a funnel  with  a small  end  equal  to  the  area 
of  exposed  dentine  and  the  large  end  the  area  of  sponge 
upon  the  face  or  hand.  No  more  water  can  flow 
through  the  funnel  than  can  pass  through  the  smaller 
end,  and  in  like  manner  no  more  current  can  flow  than 
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can  pass  through  the  exposed  tubuli ; and  at  the  same 
voltage  the  current  increases  in  proportion  to  the  size  of 
the  cavity.  Dentine  which  has  been  denuded  of  enamel 
by  attxdtion  offers  greater  resistance  than  freshly  ex- 
posed dentine  by  reason  of  the  filling  in  of  the  tubuli. 

The  position  of  the  negative  electrode  has  much  to 
do  with  the  application  of  the  current.  The  shorter 
the  distance  that  this  is  placed  from  the  tooth  under 
operation,  the  less  voltage  will  he  required  to  force 
the  current  through,  and  the  less  will  be  the  variations 
due  to  the  alleged  pulsations  of  the  Edison  current. 
It  is  always  expedient  to  operate  at  as  low  a voltage  as 
possible  for  reasons  that  are  obvious.  After  experi- 
ment, the  author  has  found  that  it  usually  requires 
about  twice  the  voltage  when  the  sponge  is  held  in  the 
hand  as  when  held  upon  the  cheek.  It  is,  therefore, 
recommended  that  the  negative  pole  be  placed  upon  the 
cheek  and  held  in  place  by  the  same  appliance  which 
ordinarily  holds  the  rubber  dam  in  place.  By  so  doing, 
the  pressure  need  seldom  exceed  fifteen  volts  and  the 
operator  is  relieved  of  the  care  of  holding  the  negative 
electrode. 

When  cataphoresis  was  first  presented  to  the  profes- 
sion in  a practical  form  by  Doctors  Morton  and  Gillett, 
the  instrument  shown  in  Fig.  163  was  the  one  most 
suitable.  As  a matter  of  fact  it  was  designed  for  the 
special  purpose.  This  instrument  was  a secret  in  its 
construction  at  the  time,  and  the  author  set  about  to  de- 
vise a method  of  obtaining  a current  from  the  one  hun- 
dred and  ten  volt  circuit  that  could  be  easily  and  accu- 
rately controlled.  Such  a current  must  start  from 
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zero  and  increase  by  very  small  steps,  at  least  ten  to 
the  volt,  to  about  twenty  volts.  The  first  instrument 
designed  by  the  author  is  diagrammatically  shown  in 
Fig.  164.  It  consisted  of  a rod  of  fiber  on  which  a Xo. 
34  thread  was  cut.  Into  this  thread  was  wound  sixty 
feet  of  .01  german-silver  wire.  Just  below,  a sliding 
contact  shown  at  A was  arranged  in  such  a manner 


Fig.  164.— Diagrammatic  Illustration  of  Author’s  Shunt 
Appliance  for  Cataphoresis. 

that  it  could  be  easily  and  gradually  moved  toward  B. 
Two  sixteen  candle-power  lamps  were  used  for  the  main 
resistance,  and  these  were  placed»one  on  each  side  of  the 
resistance  coil  so  that  in  case  of  a ground,  the  current 
must  still  go  through  one  lamp  whereby  the  liability  of 
obtaining  a dangerous  shock  was  avoided. 

When  this  device  is  in  operation  the  current  enters 
at  the  positive  wire,  traversing  the  resistance  coil  B,  C, 
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and  leaves  at  the  negative  wire.  If  the  movable  con- 
tact A is  in  the  position  shown  in  the  diagram  no  cur- 
rent will  be  shunted  through  the  patient  P.  If,  how- 
ever, A he  moved  toward  B then  two  paths  open  and 
the  electric  current  will  divide  itself  into  two,  which 
will  be  inversely  proportionate  to  the  resistance  found 
in  each  path.  In  practice  it  was  found  that  with  the 
above  proportion  of  resistance  wire  in  series  with  two 
sixteen  candle-power  lamps  when  the  brush  A was  half 
way  between  C and  B a pressure  of  twelve  volts  would 
be  felt  at  the  patient,  and  that  when  A was  at  B,  twenty- 
four  volts  would  be  registered  in  the  patient’s  circuit. 
In  this  manner  any  desired  voltage  up  to  twenty-four, 
or  any  fraction  of  a volt  thereof  could  be  obtained  and 
shunted  through  the  patient.  The  fraction  of  a volt 
shunted  through  the  patient  would  depend  upon  how 
many  turns  of  wire  were  necessary  to  shunt  one  volt.  In 
this  appliance  there  were  264  turns  in  the  full  length  of 
the  rod,  and  there  being  twenty-four  volts  shunted  in  all, 
there  were  eleven  steps  to  the  volt.  In  other  words  the 
current  could  he  increased  one-eleventh  of  a volt  at  a 
step.  This  strength  of  increase  might  he  perceptible  to 
the  patient  if  working  near  the  pain  limit  but  it  was  not 
a painful  increase.  In  practice  it  was  found  that  fre- 
quently several  steps  could  be  taken  before  the  patient 
would  notice  the  increase. 

In  the  practical  operation  of  cataphoresis  it  was  soon 
noticed  that  much  of  the  operator’s  or  assistant’s  time 
was  consumed  in  the  simple  act  of  slowly  turning  on  the 
current.  It  was  moreover  found  that  the  current  was 
nearly  always  turned  on  at  the  same  rate.  It  then  oc- 
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curred  to  tlie  author  to  construct  an  appliance  the  same 
in  its  electrical  details  as  that  just  described,  but  which 
would  be  operated  by  a clock  mechanism.  This  was 
done  as  is  shown  in  Fig.  1G5.  The  resistance  lamps 
are  seen  at  the  top.  The  rheostat  was  made  by  coil- 
ing a fine  platinum  wire  upon  the  periphery  of  a fiber 
disc.  This  disc  was  mounted  upon  the  minute-hand 
stem  of  a small  clock.  Just,  below  is  a cup  of  mercury 
into  which  the  platinum  wires  contact  as  they  pass.  In 
this  manner  the  current  was  gradually  and  evenly  in- 
creased. The  increase  from  step  to  step  was  so  smooth 
that  the  patient  could  scarcely  detect  the  change.  The 
mercury  always  made  the  contact  with  three  or  four 
wires  at  a time,  so  that  there  was  never  any  danger  of 
breaking  the  circuit  while  in  operation. 

It  will  be  observed  by  an  examination  of  this  mechan- 
ism that  instead  of  moving  a contact  lever,  the  shunt 
rheostat  is  itself  moved  with  respect  to  the  contacting 
point  which  in  this  case  is  a cup  of  mercury.  The  effect 
of  this  is  practically  the  same  as  where  the  contact  brush 
is  made  the  movable  part.  The  two  ends  of  the  wire 
on  the  disc  are  connected  to  wires  coming  from  the  re- 
sistance lamps.  In  so  doing  the  shunting  resistance  is 
in  series  with  the  two  lamps  with  one  on  either  side, 
a provision  made  for  safety  from  accidental  grounds. 
Since  the  resistance  coil  revolves  in  the  act  of  turning 
the  current  on,  provision  had  to  be  made  for  maintain- 
ing the  two  connections  in  such  a manner  that  they 
could  not  possibly  be  broken,  as  would  be  liable  to  hap- 
pen if  metallic  brushes  were  employed.  Instead,  there- 
fore, of  using  brushes  for  this  purpose  two  copper  discs 
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were  mounted  on  the  same  shaft  that  carried  the  re- 
sistance coil,  and  these  dipped  in  cups  of  mercury  to 
which  connections  were  made.  The  copper  discs  were 
first  amalgamated  by  washing  in  a weak  solution  of 
mercuric  nitrate.  In  this  manner  the  resistance  coil 
although  movable  maintained  a reliable  connection  with 
the  mains. 

Beginning  at  the  point  marked  0,  the  wheel  was  re- 
volved towards  the  left  and  in  so  doing  the  coils  on  the 
periphery  were  made  to  successively  contact  with  the 
mercury  cup  below  which  represented  the  movable  con- 
tact. It  required  just  twenty-four  minutes  to  complete 
one  revolution,  a length  of  time  sufficient  for  cases  of 
sensitive  dentine.  Half  that  length  of  time  was  usually 
sufficient.  If  sixteen  candle-power  lamps  were  used,  the 
limit  of  the  shunt  current  was  about  twenty  volts,  and 
if  thirty-two  candle-power  lamps  were  used  about  thirty 
volts  would  he  the  limit. 

This  instrument  was  too  complicated  to  he  put  upon 
the  market  and  another  automatic  appliance  was  de- 
vised which  was  very  simple  in  construction.  This  as 
shown  in  Fig.  1G6  was  made  upon  the  same  principle  as 
the  foregoing  hut  instead  of  a clock  mechanism  for 
gradually  turning  on  its  current,  a glass  tube  containing 
both  the  rheostat  and  the  mercury  was  so  inclined  that 
when  the  mercury  was  allowed  to  escape  the  current 
would  he  shunted  through  the  patient’s  circuit.  The 
rate  of  flow  was  regulated  by  a valve  shown  at  the  right. 
When  the  index  was  at  five,  it  indicated  the  length  of 
time  in  which  the  mercury  would  all  run  out,  and  there- 
fore the  length  of  time  it  would  take  to  reach  sixteen 
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volts,  the  limit  of  the  rheostat.  In  operation,  the  volt 
glass  having  been  placed  upon  the  upper  shelf,  the  mer- 
cury was  then  in  the  rheostat  compartment.  The  time 


Fig.  166.— Author’s  Self-Operating  Cataphoric  Rheostat. 

lever  is  placed  at  whatever  position  the  operator,  from 
experience,  thinks  will  he  suitable  for  the  case  at  hand. 
The  volt  glass  being  then  placed  on  the  lower  shelf,  the 
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mercury  flows  out  of  the  rheostat  chamber  at  a rate  fixed 
by  the  timing  valve.  As  the  mercury  leaves  each  wire  on 
the  rheostat  coil  the  effect  is  to  shunt  just  that  much 
current  through  the  patient’s  circuit.  In  this  manner  the 
operator  is  relieved  of  the  care  of  turning  the  current  on, 
for  he  can  set  the  timing  valve  and  be  certain  that  a uni- 
form increase  of  voltage  will  be  produced  by  the  mer- 
cury flowing  out  of  the  rheostat  chamber.  lie  can  then 
give  his  attention  to  the  details  of  the  cavity  where  it  is 
more  needed. 

Immediately  following  the  author’s  description  of 
this  method  of  obtaining  a current  suitable  for  cata- 
phoresis  from  the  ope  hundred  and  ten  volt  current, 
Dental  Review,  May,  1896,  the  market  became  filled 
with  a great  variety  of  appliances  embodying  the  shunt 
principle.  The  simplest  form  was  the  graphite,  as 
shown  in  Fig.  78.  In  this  the  graphite  was  ground 
upon  a slate  base  and  gave  a very  high  resistance.  The 
brush  was  to  be  turned  by  hand  a part  usually  taken 
by  the  assistant. 

The  Willms  rheostat,  Fig.  79,  when  arranged  as  a 
shunt  rheostat  was  also  largely  used  for  cataphoric 
purposes,  but  perhaps  the  most  popular  rheostat  and 
cataphoric  outfit  upon  the  market  is  the  S.  S.  White 
Company’s,  which  is  shown  in  Fig.  167. 

This  instrument  is  designed  in  the  form  of  a wall 
bracket  from  which  the  rheostat  is  removable.  The 
ammeter,  a necessary  adjunct,  is  seen  above. 

When  making  a cataphoric  operation  the  rheostat,  is 
to  be  placed  upon  the  operating  table  so  as  to  be  within 
easy  reach  of  the  operator.  The  rheostat  of  this  appli- 
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Fig.  167.— H.  S.  Wiittk  Cataphorio  Appt.cancks. 
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ance  is  a shunt  instrument  and  is  of  the  graphite  vari- 
ety. This  form  of  rheostat  is  especially  suitable  for 
cataphoric  purposes  for  the  reason  that  there  will  be  no 
perceptible  steps  when  the  current  is  increased.  The 
rheostat  is,  moreover,  so  designed  that  in  turning  the 
regulating  wheel  an  index  finger  also  travels  over  a 
scale  which  is  divided  into  one  hundred  equal  parts. 
The  scale  may  also  be  made  to  read  in  volts,  thus 
answering  a two-fold  purpose. 

The  Ritter  Dental  Company  also  supplies  a cata- 
phoric appliance  for  the  market.  This  as  shown  in 


Fig.  168.— Ritter  Cataphoric  Rheostat. 


Rig.  168  is  somewhat  larger  than  the  one  just  described. 
It  is  a shunt  rheostat  in  principal  and  the  steps  are 
impercejitible  to  the  patient.  One  of  the  thumb-screws 
is  for  turning  the  current  on  very  slowly,  and  the  other 
for  more  rapid  movement.  While  the  current  cannot  be 
withdrawn  from  the  patient  suddenly,  the  voltage  can 
be  quite  rapidly  reduced,  more  so  than  can  be  done  by 
the  thumb-screw  which  turns  the  current  on.  A second 
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thumb-screw  is  therefore  provided  for  turning  the  cur- 
rent off. 

Besides  the  instruments  for  supplying  the  current  for 
cataphoresis,  there  are  several  adjuncts  necessary  for  a 
successful  administration.  The  most  important  of  all 
is  an  ammeter.  This  may  be  so  simple  as  an  ordinary 
compass  placed  upon  a spool  of  fine  wire  which  is  in 
series  with  the  patient.  The  author  made  his  first 
ammeter  in  this  way.  A large  thread  spool  was  wound 
full  of  ATo.  34  silk-insulated  wire  and  this  was  fixed 
upon  its  side  to  a wooden  base,  the  two  ends  of  the  wire 


Fig.  169.— Weston  Ammeter. 


having  been  brought  out  to  binding  posts.  A jeweled 
compass  two  inches  in  diameter  was  then  mounted 
upon  the  spool.  Such  an  appliance  is  ordinarily 
known  as  a galvanometer  but  when  wound  in  more  com- 
plicated ways  and  mounted  in  commercial  form  it  is 
called  an  ammeter.  Such  an  instrument  is  shown  in 
Fig.  169. 

The  above  appliance  is  one  of  the  standard  instru- 
ments for  electrical  measurements.  While  it  differs  con- 
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siderably  from  the  form  of  galvanometer  previously  de- 
scribed, tbe  points  of  difference  are  the  essentials  which 
go  to  make  up  a perfect  instrument.  This  instrument  is 

not  measurably  affected  by  tbe  earth’s  magnetism  like 

■ 

the  ordinary  galvanometer,  nor  is  it  affected  to  any  ex- 
tent by  the  near  presence  of  iron  or  any  electrical  in- 
struments that  may  be  in  operation.  Instead  of  there 
being  a permanent  magnetic  needle  which  swings  under 
the  influence  of  an  electromagnet  underneath,  the  mov- 
ing member  of  the  Weston  meter  is  an  electromagnet. 
This  does  not  become  magnetic  until  current  passes 
through  it.  The  S.  S.  White  appliance  in  Fig.  167  is 
fitted  out  with  a special  form  of  Weston  ammeter.  The 
scale  is  in  thousandths  of  an  ampere  and  each  thou- 
sandth may  be  read  to  the  one-hundredth  part,  so  deli- 
cate is  the  instrument.  This  instrument  is,  moreover, 
what  is  known  as  “dead  beat,”  meaning  that  the  index 
finger  goes  at  once  to  the  proper  reading  without  the 
wavering  so  characteristic  of  most  galvanometers. 

The  purpose  of  the  ammeter  is  just  the  same  in  a 
cataphoric  administration  that  the  scales  and  graduates 
are  in  the  dosage  of  medicine.  It  is  by  this  means  that, 
the  operator  tells  just  how  much  current  is  passing  and 
with  the  element  of  time  he  computes  the  dosage.  The 
two  factors,  ampere  strength  of  current  and  the  time 
consumed,  determine  the  depth  and  quantity  of  cata- 
phoric infusion.  After  a little  experience  the  operator 
can  mentally  estimate  the  required  time  simply  by 
watching  the  reading  of  the  ammeter.  Of  course  there 
are  conditions  that  determine  the  strength  of  current 
that  should  flow  in  each  case.  The  size  of  the  cavity  is 
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the  most  important  feature  which  will  call  for  careful 
judgment  on  the  part  of  the  operator.  A large  cavity 
will  permit  more  current  to  pass  than  a small  one,  and 
only  experience  and  close  attention  to  this  factor  will 
enable  the  dentist  to  use  the  exact  length  of  time  to 
infuse  to  the  desired  depth.  Some  cases  and  even  differ- 
ent cases  for  the  same  patient  will  allow  of  a larger 
dosage  than  others. 

The  ammeter  is  also  valuable  for  another  purpose. 
It  will  tell  whether  there  is  any  leakage  of  current  at 
the  neck  of  the  tooth.  While  the  adjusting  of  the  rub- 
ber is  always  a necessary  step,  it  is  still  more  important 
to  see  that  it  does  not  leak.  If  the  rubber  should  leak 
even  so  slightly  it  offers  a path  for  the  current  of  so  little 
resistance  comparatively,  that  the  current  will  nearly  all 
flow  through  the  leak.  In  the  first  days  of  cataphoresis 
several  cases  of  loss  of  gum  tissue  were  reported,  due 
to  destructive  electrolysis  from  this  cause.  Such  an 
accident  at  this  day  is  inexcusable,  for  by  the  use  of 
an  ammeter  the  dentist  can  quickly  tell  whether  or 
not  there  is  a leakage  of  current  around  the  tooth.  In 
the  average  dental  case,  more  than  four-tenths  of  a 
milliampere  can  be  seldom  used  without  pain.  If  the 
ammeter  shows  more  than  this,  it  indicates  a leakage. 
In  some  cases  of  leakage  the  meter  may  go  as  high  as 
twenty-five  milliamperes,  and  yet  on  inspection,  a leak 
cannot  he  found  ; hut  it  is  there  and  another  adjustment 
of  the  rubber  should  be  made. 

The  amperage  that  one  should  expect  in  each  case  de- 
pends upon  the  area  of  exposed  dentine,  the  condition 
of  the  cavity,  the  voltage  of  the  current,  and  the  posi- 
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tion  of  the  negative  electrode.  The  area  of  exposed 
dentine  and  its  relation  to  the  dosage  has  already  been 
touched  upon.  The  condition  of  the  application  in  the 
tooth  cavity,  however,  has  not  been.  This  has  much  to 
do  with  the  strength  of  the  current  flowing.  A large 
proportion  of  cocaine  solution  is  lost  by  electrolysis.  It 
takes  but  a few  moments  to  entirely  decompose  a drop 
of  the  solution  under  the  conditions  of  dentine  cataphor- 
esis.  For  this  reason,  unless  the  cavity  is  kept  flooded 
with  fresh  solution,  the  cotton  will  quickly  become 
dry,  and  the  resistance  be  double  what  it  would  be  if 
the  cotton  were  kept  saturated.  The  effect  of  this  upon 
the  meter  reading  will  be  seen  by  the  index  finger  drop- 
ping back  to  near  the  zero  mark.  Xor  is  this  the  only 
reason  why  one  should  keep  the  cavity  flooded  with  the 
cocaine ; the  shock  to  the  patient  caused  by  adding 
fresh  solution  to  the  cotton  will  be  severe  and  should 
never  occur.  Much  more  time  than  is  necessary  is  often 

consumed  when  the  cotton  is  allowed  to  become  drv. 

«/ 

It  will  be  noticed  that  there  is  quite  a difference  in 
patients  in  point  of  their  susceptibility  to  the  electric 
current.  This  is  so  marked  that  it  is  a feature  merit- 
ing consideration.  The  operator  should  not  be  misled 
by  the  supposition  that  where  very  little  current  could 
be  used  without  producing  pain,  the  penetration  had 
been  deeper.  The  idiosyncrasy  of  the  patient  will  often- 
times not  allow  of  a high  voltage,  and  a longer  time 
must  be  given  at  a low  voltage,  and  consequently  low 
amperage,  to  produce  the  desired  result.  Again,  even 
in  patients  not  especially  sensitive  to  an  electric  current 
there  will  be  a marked  difference  in  the  voltage  that 
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may  be  used  in  different  cases.  A cavity  ■which  has 
been  slow  of  progress,  or  an  abrasion  in  an  aged  person, 
will  allow  of  a much  higher  voltage  than  a fresh  and 
rapidly  forming  cavity  in  a young  person.  While  a 
wide  range  of  conditions  may  be  present  in  cataphoric 
operations,  and  it  would  seem  that  a volt-meter  is  not 
of  much  value  as  the  pain  limit  alone  determines  the 
pressure  that  is  allowable  in  each  case,  one  may  still  be 
used  to  advantage.  It  is  an  aid  in  calculating  the 
length  of  time  that  will  be  necessary,  a signal  in  case 


Fig.  170.— Weston  Volt  Meter. 


of  grounded  wires,  a guide  as  to  the  care  necessary  in 
maintaining  a saturated  solution,  and  an  index  in  turn- 
ing the  current  off. 

The  position  of  the  negative  electrode  has  much  to 
do  with  the  meter  reading.  If  this  is  placed  in  the  palm 
of  the  hand  a much  higher  voltage  will  be  required 
than  when  placed  upon  the  cheek.  This  is  due  to  the 
resistance  of  the  dry  epithelium  upon  the  hand  and  of 
the  longer  path  through  which  the  current  must  travel. 
Doctor  Price  has  estimated  that  the  average  resistance 
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from  the  tooth  to  the  hand  is  about  nine  thousand  ohms, 
whereas  the  resistance  from  the  cheek  to  the  tooth  is 
three  thousand  ohms.  The  resistance  ottered  by  the  tooth 
depends,  as  previously  stated  upon  the  area  of  exposed 
dentine,  the  depth  of  the  cavity,  and  the  condition  of 
the  dentine.  This  ranges  all  the  way  from  fifteen  thou- 
sand to  one  hundred  and  fifty  thousand  ohms,  the  aver- 
age resistance  being  about  twenty-five  thousand  ohms. 

The  positive  electrode  used  in  dentine  cataphoresis 
should  be  of  platinum,  the  object  of  using  this  metal 
for  the  purpose  being  that  platinum  is  not  affected  by 
the  electric  current.  All  the  baser  metals  and  some  of 
the  noble  metals  would  be  dissolved  by  the  current  if 
used  for  this  purpose.  In  certain  cataphoric  treat- 
ments where  it  is  desirable  to  apply  a nascent  metal,  or 
the  salt  of  a metal,  the  positive  electrode  is  made  of 
that  metal  with  the  expectation  that  it  will  be  dis- 
solved. Zinc  and  copper  are  often  nsed  as  soluble  elec- 
trodes for  this  purpose.  In  dentine  cataphoresis  it  is 
not  desirable  to  infiltrate  the  dentinal  fibrils  with  any- 
thing but  the  medicament,  and  platinum  is  therefore 
used  in  this  instance.  In  the  first  days  of  cataphoresis 
the  positive  electrode  consisted  of  a platinum  point  in 
a rubber-covered  handle.  It  was  intended  that  this  be 
held  by  either  the  assistant  or  by  the  operator  himself. 
The  S.  S.  White  Company  supplied  an  unique  instru- 
ment for  this  purpose,  shown  in  Fig.  171.  The  handle 
is  of  rubber  and  made  hollow,  but  with  a metallic  con- 
nection running  throughout  its  length.  A piston  plays 
upon  the  inside  by  which  the  electrode  can  also  be  used 
as  a syringe  for  supplying  the  cocaine  solution. 
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It  soon  becomes  apparent  to  the  operator,  however, 
that  the  positive  electrode  should  be  fixed  in  the  cavity 
whenever  possible.  In  cavities  very  difficult  of  access 


the  hand  electrode  is  the  only  instrument  that  can  be 
used.  In  accessible  cavities,  however,  the  author  has 
attached  the  positive  wire  to  the  rubber  dam  clamp 
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by  means  of  a little  hard  rubber  clip,  which  at  the  same 
time  insulated  the  wire  from  the  clamp.  A similar 
appliance  is  shown  in  Fig.  172. 

A much  better  and  quicker  method,  however,  is  that 
first  suggested  by  Dr.  Weston  A.  Price.  ITe  attaches 
a hair-like  platinum  wire  to  the  positive  terminal  which 
is  itself  very  light  and  flexible.  A pellet  of  cotton  the 
size  of  a cavity  is  entwined  with  the  fine  platinum  wire 
and  the  whole  packed  into  the  cavity.  This  will  usu- 
ally be  retained  by  the  cavity,  and  especially  if  a light 
tinsel  cord  is  used  as  the  conductor  to  the  same.  This 
cord  although  very  light  and  flexible  has  ample  carry- 
ing capacity  for  cataphoresis. 


Fig.  172.— McIntosh  Electrode. 


When  the  positive  electrode  is  fixed  in  the  cavity  in 
the  above  manner,  it  not  only  relieves  the  operator 
of  this  tiring  detail  but  allows  him  freedom  to  attend  to 
others.  A or  can  any  operator  ever  hold  an  electrode 
by  hand  as  comfortably  to  the  patient  as  one  mechan- 
ically fixed  in  the  cavity.  The  hand  electrode  must  be 
stiff  at  the  point  to  enable  the  operator  to  use  the  slight 
pressure  that  is  necessary.  Herein  is  the  objection  to 
the  hand  electrode.  It  is  impossible  even  with  the 
closest  attention  to  hold  the  instrument  in  the  cavity 
with  unvarying  pressure  throughout  the  administra- 
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t-ion.  If  lie  bears  too  bard  and  the  knob-like  point  is 
heavy  enough  to  resist  tbe  pressure  without  bending,  tbe 
cocaine  is  squeezed  out  of  the  cotton  directly  under  the 
knob,  and  the  operation  will  be  a failure  for  the  un- 
accountable reason  that  cocaine  cannot  penetrate  the 
tubuli  under  the  instrument  point,  and  the  pain  effects 
will  be  too  severe  for  a complete  and  successful  adminis- 
tration. During  tbe  cataphoric  application  of  cocaine 
for  sensitive  dentine,  the  rapid  loss  of  the  solution  by 
electrolysis  which  is  going  on  in  the  cavity  produces 
a constantly  changing  resistance,  and  this,  with  an 
unsteady  electrode  is  often  sufficient  to  cause  a failure. 
It  is  therefore  important  as  one  of  the  first  steps  to  se- 
cure the  anode  in  the  cavity  in  such  a manner  that  it 
will  be  steadily  held  either  by  its  own  pressure  or  by 
some  mechanical  appliance. 

The  negative  electrode  which  is  to  be  used  upon 
another  part  of  the  body,  should  be  made  of  a pad  of 
white  blotting  paper  saturated  in  a solution  of  common 
salt,  a new  one  for  each  patient.  Some  appliances  are 
fitted  out  with  a hand  electrode  to  be  held  by  the  pa- 
tient. This  is  objectionable  for  three  reasons:  First, 

the  negative  pole  as  has  been  shown,  should  be  placed 
as  near  tbe  positive  as  possible ; second,  the  thick  epi- 
thelium of  the  hand,  especially  if  dry,  offers  very  high 
electrical  resistance;  and  third,  the  constantly  varying 
grip  of  the  patient  produces  slight  shocks.  If  thei'e 
should  be  sudden  pain  at  the  cavity,  the  patient  most 
naturally  increases  the  grip  upon  the  hand  electrode, 
which  further  increases  the  shock. 

The  blotting-paper  electrodes  should  be  about  the 
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size  of  a silver  dollar.  They  should  he  cut  from  new 
blotting  paper  in  quantities,  soaked  in  a nearly  satur- 
ated solution  of  common  salt,  and  then  put  away  to  dry. 
The  appliance  for  holding  the  pad  should  he  a vulcanite 
disc  with  a recess  deep  enough  to  contain  a thin  sheet 
of  metal  and  the  blotting  paper  which  is  placed  on  top 
of  the  same.  At  the  time  of  operating,  the  pad  is  placed 
in  the  recess  where  it  will  remain  after  being  moistened 
with  water  from  the  syringe.  The  disc  with  the  blot- 
ting paper  next  to  the  flesh  should  then  be  slipped  under 
the  same  appliance  which  ordinarily  holds  the  rubber 
dam  in  place  upon  the  cheek,  where  it  will  remain 
throughout  the  operation.  By  this  arrangement  we 
have  cleanliness,  the  shortest  distance  between  the  elec- 
trodes, and  safety  from  shocks. 

The  first  and  most  necessary  step  is  thorough  insula- 
tion of  the  tooth  by  means  of  the  rubber  dam.  The  rub- 
ber may  leak  during  the  making  of  a filling,  and  the 
operation  may  not  be  materially  interfered  with,  but  in 
all  cataphoric  operations  upon  dentine  absolute  insula- 
tion of  the  tooth,  and  neighboring  teeth  if  included, 
must  be  secured.  In  the  adjustment  of  the  rubber  for 
this  purpose,  it  is  not  well  to  include  too  many  teeth 
because  of  the  difficulties  of  perfect  insulation  and  often 
of  the  presence  of  fillings  in  them.  The  rubber  should 
not  be  pressed  down  below  the  enamel  except  in  the 
region  of  those  cavities  which  extend  to  the  gum  and 
which  are  the  ones  to  be  operated  upon.  If  a rubber 
dam  clamp  is  used,  it  must  be  seen  that  it  does  not  crowd 
down  below  the  enamel,  or,  if  it  should,  that  the  eocaiue 
solution  does  not  touch  it.  If  the  current  should  find 
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a path  through  the  clamp,  it  would  produce  a very  un- 
pleasant condition  of  things.  The  current  would  pass 
from  the  clamp  into  the  dentine  without  producing 
anaesthesia,  and  the  operation  would  on  that  account  be 
a failure. 

Many  cataphoric  operations  have  failed,  in  a painless 
point  of  view,  by  reason  of  some  hidden  metal  filling  or 
by  some  unobserved  leakage  of  the  solution  towards  a 
filling  that  may  be  in  plain  sight.  For  this  reason,  all 
metal  fillings  which  are  likely  to  he  reached  by  the  co- 
caine solution  should  be  first  painted  with  chlora-percha 
which  will  act  as  an  electrical  insulator. 

The  second  step  is  the  thorough  removal  of  all  the 
enamel  that  is  to  he  taken  away  in  the  preparation  of 
the  cavity.  This  usually  causes  hut  little  if  any  pain, 
and  is  a necessary  step,  inasmuch  as  the  cocaine  does 
not  penetrate  to  any  extent  in  a lateral  direction. 
Many  operators  failed  to  succeed  with  cataphoresis  by 
overlooking  this  step.  It  was  shown  in  the  first  part  of 
this  chapter  that  the  current  enters  and  follows  only 
those  tubuli  whose  mouths  open  into  the  cavity;  hence 
it  would  be  unreasonable  to  expect  no  pain  when  operat- 
ing upon  the  margins  of  a cavity  which  had  not  been 
denuded  of  enamel,  unless  the  administration  had  been 
kept  up  long  enough  to  reach  the  pulp  and  the  lateral 
fibrils  have  lost  their  sensation  from  that  source.  It 
may  be  that  in  many  cases  thorough  removal  of  enamel 
cannot  be  made  before  making  the  cataphoric  appli- 
cation, but  if  it  is  not,  tbe  usual  sensitiveness  will  be 
found  at  these  margins  except  in  those  cases  where  the 
cocaine  reaches  tbe  pulp. 
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The  agents  nse<l  for  dentine  cataplioresis  are  prepara- 
tions of  cocaine.  Dr.  W.  J.  Morton  in  1896  recom- 
mended a solution  of  guaiacol  and  cocaine  in  the  fol- 
lowing proportions : 


Guaiacol 1 drachm. 

Cocaine  hydrochlorat 5 grains. 


This  makes  about  an  eight  per  cent,  solution  of  co- 
caine. The  combination  of  guaiacol  and  cocaine  was 
claimed  by  Doctor  Morton  to  require  only  one-third  the 
length  of  time  in  the  administration  that  cocaine  alone 
would  require,  but  the  combination  never  came  into 
general  use,  probably  due  to  the  odor  of  the  guaiacol. 

A combination  of  electrozone  and  cocaine  was  at  one 
time  recommended  under  tbe  impression  that  the  elec- 
trozone would  aid  as  a carrier.  Experience,  however 
soon  demonstrated  that  after  all,  cocaine  was  the  active 
agent  and  that  it  itself  is  a good  conductor  of  electricity 
without  the  addition  of  an  agent  for  that  purpose.  It 
quickly  manifests  an  acid  reaction,  indicating  that  it 
has  become  a good  conductor.  The  question  has  been 
raised  whether  or  not  any  agent  to  be  cataphorically 
transfused  should  itself  be  a conductor.  The  vehicle 
in  which  it  is  suspended  may  be,  and  in  this  manner 
the  conditions  are  fulfilled,  the  vehicle  conducting  the 
current  and  the  anaesthetic  being  carried  with  the  move- 
ment of  the  current.  In  the  author’s  practice  a satur- 
ated solution  of  cocaine  in  water  Avas  the  most  satisfac- 
tory agent  or  combination  of  agents.  The  aim  is  to 
convey  cocaine  into  the  tubuli  and  in  order  to  do  this 
cocaine  must  be  present.  Inasmuch  as  there  is  no  dan- 
ger of  producing  cocaine  poisoning  by  an  overdose  when 
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administered  in  this  manner  a saturated  solution  is  al- 
ways used. 

The  positive  pole  is  to  he  placed  in  the  cavity,  and 
the  negative  upon  the  cheek.  The  operator  can  quickly 
test  for  poles  by  placing  the  platinum  point  upon  the 
negative  salt  water  pad.  If  there  is  a strong  odor  of 
chlorine  and  a bleaching  effect  under  the  point,  the 
poles  are  correct ; if  not  they  must  he  reversed.  When 
using  a battery  for  power,  testing  the  polarity  once  will 
be  sufficient.  When  the  one  hundred  and  ten  volt  cur- 
rent is  used,  however,  owing  to  the  polarity  being  occa- 
sionally reversed,  this  test  should  he  made  before  each 
operation. 

During  the  operation  the  cavity  should  be  watched, 
and  the  cotton  kept  fully  saturated  with  the  solution. 
This  should  be  added  a very  little  at  a time.  Usually 
the  amount  that  can  be  taken  up  in  a capillary  manner 
by  the  foil  tweezers  will  he  sufficient.  If  the  cotton 
should  he  allowed  to  become  dry,  the  resistance  increases 
while  the  current  decreases ; then  if  the  cotton  is  filled 
with  fresh  solution,  the  sudden  lowering  of  the  resist- 
ance will  cause  a severe  shock  by  the  inrush  of  current. 
The  operator  can  easily  tell  when  the  cavity  is  becom- 
ing dry  by  watching  the  ammeter.  The  index  finger, 
which  should  always  be  traveling  to  the  right  with  the 
increase  of  voltage,  either  stands  still  or  drops  back. 

When  beginning  the  administration  of  the  current, 
the  expression  of  the  patient’s  face  should  be  the  guide 
as  to  the  pressure  that  will  be  allowable.  He  should 
be  instructed  to  give  a sign  upon  the  first  sensation 
from  the  current.  If  an  automatic  appliance  is  used 
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for  turning  on  the  current,  experience  will  teach  him 
very  quickly  the  rate  that  will  he  allowable  in  each 
case.  If  the  current  is  to  he  increased  by  the  operator 
or  assistant,  the  rheostat  should  he  stopped  upon  the  first 
signal  from  the  patient.  After  a few  seconds’  rest  the 
pain  subsides  and  the  current  can  again  he  increased 
under  the  same  conditions  as  before.  In  this  manner, 
the  current  is  gradually  brought  up  until  it  ranges  from 
five  to  fifteen  volts  for  sensitive  dentine.  The  aim 
throughout  should  he  to  increase  the  voltage  as  rap- 
idly  as  the  patient  will  allow,  for  it  is  not  until  the  last 
few  minutes  that  effective  infiltration  is  accomplished. 
As  previously  shown,  most  of  the  time  is  consumed  in 
the  first  part  of  the  operation ; a minute  at  high  pres- 
sure is  equal  to  several  at  the  beginning  of  the  adminis- 
tration. 

While  it  is  necessary  to  turn  the  current  on  very 
slowly  and  gradually,  turning  off  the  current  can  be 
done  rather  rapidly.  The  electrodes  should  not  be  dis- 
connected or  the  current  turned  off  by  a snap-switch, 
for  that  would  cause  a severe  shock,  but  the  rheostat 
lever  should  be  slowly  turned  back  to  the  point  of  be- 
ginning. This  step  may  take  five  or  ten  seconds  to 
produce  no  shock. 

The  length  of  time  consumed  in  a cataphoric  admin- 
istration upon  dentine  depends  upon  the  pressure,  the 
condition  of  I he  dentine,  upon  the  area  of  exposed  den- 
tine, and  upon  the  depth  to  which  it  is  desired  to 
penetrate.  Tt  would  seem  that  the  pressure  is 
controlled  entirely  by  the  pain  limit,  and  so  it 
is.  Herein  lies  the  secret  of  shortening  the  length  of 
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time  in  cataphoric  operations.  When  the  operator  fixes 
both  electrodes,  and  keeps  the  cavity  constantly  sup- 
plied with  fresh  solution,  and  is  using  an  instrument 
which  does  not  increase  the  current  in  perceptible  steps, 
he  can  reach  a high  voltage  much  quicker  than  when 
the  opposite  conditions  are  present.  It  should  be  borne 
in  mind  that  the  depth  of  penetration  in  a given  length 
of  time  is  proportionate  to  the  voltage.  The  last  two 
minutes  of  the  usual  administration  are  more  effective 
than  the  first  six,  because  of  the  much  higher  voltage 
that  is  reached  at  the  close  of  the  operation. 

It  is  not  within  the  power  of  the  operator  to  modify 
the  condition  of  the  dentine,  and  the  length  of  time,  all 
other  things  being  equal,  will  be  inversely  proportionate 
to  the  densitv-  The  dentine  of  children  and  in  those 
cases  where  the  decay  has  been  of  rapid  progress,  will 
offer  blit  little  resistance  to  the  current,  and  the  cocaine 
will  be  carried  in  very  quickly ; whereas  the  dense  den- 
tine which  results  from  mechanical  abrasion,  and  from 
old  age  will  be  penetrated  with  difficulty  and  a longer 
time  will  be  necessary  to  effect  complete  anaesthesia. 

The  extent  of  exposed  dentine  is  to  some  degree  a fac- 
tor in  determining  the  length  of  time.  All  things  being 
equal  the  larger  the  area  of  dentine  exposed  to  the  cur- 
rent, the  more  pain  will  be  felt  if  the  pain  limit  is 
reached.  In  practice  the  operator  keeps  just  within  the 
pain  limit  and  a small  cavity  will  permit  of  a higher 
pressure  than  a large  one. 

Another  reason  for  the  shorter  time  in  the  case  of 
small  cavities  is  the  less  depth  necessary  for  the  prepara- 
tion. As  a rule,  a small  cavity  usually  requires  less 
28 
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anchorage  for  the  filling  than  a large  one  and  conse- 
quently less  depth  of  preparation.  Thus  in  two  respects 
less  time  will  be  required  for  small  cavities;  the  area 
of  exposed  dentine  is  less,  permitting  of  a slightly  higher 
voltage  throughout,  and  the  depth  of  penetration  is  nec- 
essarily less. 

In  special  cases,  where  it  is  desired  to  go  to  a con- 
siderable depth,  the  length  of  time  will  he  prolonged ; 
but  not,  however,  in  exact  proportion  to  the  depth. 
It  seems  that,  the  nerve  fibrils  having  been  gradually 
brought  up  to  a condition  of  numbness  to  the  electric 
current  either  by  an  advance  effect  of  the  anaesthetic  or 
by  the  toning  effect  of  the  current  itself,  they  will  allow 
of  much  higher  voltage  than  could  be  tolerated  at  first.. 

The  average  length  of  time  that  one  should  expect  to 
give  in  dentine  cataphoresis  with  a good  rheostat  will 
be  about  eight  minutes.  In  cases  most  favorable  for  a 
short  length  of  time  only  five  minutes  may  be  necessary, 
and  in  case  of  the  opposite  conditions  as  long  as  twenty 
minutes  may  be  required.  Where  a second  applica- 
tion is  necessary,  it  is  usually  found  that  the  voltage 
can  be  raised  more  rapidly  than  was  permissible  at  the 
first  application. 

The  foregoing  conditions  and  details  have  been 
mainly  with  reference  to  cataphoresis  for  the  treatment 
of  sensitive  dentine.  Besides  this,  however,  the  den- 
tist, being  equipped  with  a cataphoric  appliance,  may 
use  cataphoresis  to  advantage  in  the  removal  of  the  pulp, 
lining  the  pulp  canals  with  a metal  or  the  salt  of  a 
metal,  the  extraction  of  teeth,  opening  into  the  antrum, 
the  excision  of  the  apices  of  the  roots,  in  bleaching. 
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and  in  fact  in  the  'majority  of  instances  where  an 
anaesthetic  is  hypodermically  injected,  or  as  in  the  last 
instance,  where  it  is  desired  to  force  a bleaching  agent 
into  the  tissue.  In  cases  indicating  the  removal  of  a live 
pulp  which  is  not  fully  exposed,  a cataphoric  application 
of  cocaine  will  oftentimes  carry  this  agent  to  the  apex 
of  the  root,  and  the  pulp  canal  can  be  opened  into  and 
its  contents  removed  without  the  least  expression  of 
pain.  In  cases  in  which  the  pulp  is  fully  exposed  a com- 
paratively short  administration  can  he  made  with 
equally  satisfactory  results.  It  should  not  he  under- 
stood, however,  that,  successful  as  cataphoresis  may  he 
upon  sensitive  dentine,  it  is  invariably  so  when  used  in 
the  removal  of  the  pulp,  for  there  are  cases  in  which  for 
some  unaccountable  reason  repeated  applications  have 
only  met  with  partial  success.  In  the  majority  of  pulp 
cases,  however,  this  method  may  he  used  with  partial 
if  not  complete  success.  There  will  nearly  always  he 
enough  good  done  to  repay  the  attempt. 

Dr.  L.  P.  Bethel  in  1896  advocated  the  use  of  cata- 
phoresis for  the  lining  of  pulp  canals  with  nitrate  of 
silver.  This  was  intended  to  he  used  in  those  root  ca- 
nals which  seemed  to  defy  any  attempt  at  entrance  with 
a broach,  and  sometimes  in  those  canals  which  could  be 
entered  hut  were  exceedingly  fine.  lie  says:  “Re- 

peated attempts  at  pumping  it  into  the  canals  by  means 
of  wooden  points,  broaches,  etc.,  proved  unsatisfactory, 
for  the  nitrate  of  silver  solution  would  not  go  beyond 
the  point  of  penetration  by  the  broach  and  the  cases 
most  desired  to  treat  were  small,  branching,  or  tortur- 
ous canals,  where  it  was  impossible  to  pass  even  a broach. 
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By  the  aid  of  cataphoresis,  however,  the  silver  nitrate 
was  forced  beyond  where  the  broach  extended  into  the 
small  canals,  etc.,  as  shown  by  the  specimens  here  pre- 
sented. Microscopical  examination  shows  that  the  ni- 
trate of  silver  is  carried  by  means  of  cataphoresis  to  a 
greater  depth  into  the  tubuli  of  the  dentine,  more  thor- 
oughly sealing  them,  than  when  applied  to  the  surface 
by  ordinary  mechanical  means.” 

Nitrate  of  silver  was  recommended  for  the  purpose 
because  of  its  being  a conductor  of  electricity,  and  pos- 
sessing the  desired  antiseptic  property.  It  is  to  be 
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Fig.  173.— Pulp  Canals  Lined  with  Silver  Nitrate. 


used  in  a forty  to  a seventy-five  per  cent,  solution.  The 
discoloration  of  the  crown  of  the  tooth  was  prevented 
by  a thin  coating  of  melted  wax. 

The  silver  nitrate  in  solution  is  first  to  be  pumped 
into  the  root  canals  as  thoroughly  as  possible  and  a 
small  pellet  of  cotton  placed  at  the  opening  of  the  pulp 
canals.  The  saturated  cotton  turns  first,  a light  green 
which  grows  darker  until  almost  black,  and  serves  as 
an  indicator.  The  time  of  application  will  vary  accord- 
ing to  the  condition  of  the  root  canal,  its  size,  whether 
well  open,  strength  of  current,  and  per  cent,  of  solution 
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used.  The  higher  the  per  cent,  of  the  solution,  the  bet- 
ter conductor  it  becomes,  and  the  quicker  the  silver  is  de- 
posited. From  one  to  five  minutes  seems  to  be  ample 
time. 

After  the  electrode  is  removed,  the  cavity  should  be 
wiped  out  with  a strong  alkali  to  neutralize  the  nitric 
acid  that  was  formed  by  electrolysis. 

Nitrate  of  silver  used  in  this  manner  acts  both  as 
a permanent  antiseptic  lining  for  the  pulp  canals  and 
as  a powerful  germicide  at  the  time  of  its  application. 
Doctor  Bethel  states  that  he  has  used  the  method  with 
apparently  as  good  success  without  any  previous  medi- 
cation for  the  purpose  of  sterilization. 

As  stated  by  the  author  this  method  is  not  to  be  used 
in  all  cases.  It  is  indicated  in  those  instances  in  which 
a thorough  instrumentation  to  the  apices  of  the  root 
canals  seems  impossible,  and  is  of  value  even  in  those 
cases  in  which  the  pulp  canals  have  received  a thorough 
cleansing. 

Cataphoresis  may  be  used  to  an  advantage  in  the  ex- 
traction of  teeth,  but  in  so  doing  a slight  modification 
in  the  method  of  administration  is  necessary.  Instead 
of  using  a pointed  electrode,  one  must  be  employed 
which  will  not  only  cover  a large  area  over  the  roots,  but 
to  be  effective,  it  should  be  applied  to  both  sides  at  the 
same  time.  The  S.  S.  White  Company  placed  such  a 
device  upon  the  market  which  is  shown  in  Fig.  174. 
Within  the  rubber  cups  at  the  end  is  to  be  placed  cot- 
ton saturated  with  the  anaesthetic,  usually  a ten  per 
cent,  solution  of  cocaine.  The  length  of  time  required 
is  a little  less  than  in  dentine  cataphoresis. 
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This  method  has  several  advantages  over  the  hypo- 
dermic injection  of  cocaine  for  this  purpose.  It  is 
cleanly,  and  there  is  very  little  if  any  danger  of  sep- 
tic poisoning,  a patent  fault  of  hypodermic  needles. 
It  is  almost  painless,  at  least  much  less  so  than  the 
needle  method.  It  is  comparatively  safe  from  the  dan- 
gers of  cocaine  poisoning.  There  is  no  danger  of  bodily 
entering  a vein  as  sometimes  happens  when  the  solution 


Fig.  171.— S.  S.  White  Duplex  Electrode  for  Extraction. 


the  author  ever  since  the  introduction  of  cocaine,  that 
the  majority  of  the  cases  of  cocaine  poisoning  when  ad- 
ministered by  a needle  were  due  to  the  entrance  of  the 
charge  into  a vein  whence  it  is  carried  in  a concentrated 
form  direct  to  the  heart  and  lungs  where  it  becomes 
effective. 

A cataphoric  application  of  cocaine  is  of  especial 
advantage  prior  to  opening  into  the  antrum  or  the 
excision  of  the  apex  of  a root.  In  both  of  these  eases  a 
topical  application  of  cocaine  is  frequently  sufficient, 
but  when  accompanied  by  cataphoric  assistance  it  be- 


is  injected  with  a needle.  It  has  been  the  opinion  of 
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comes  a most  reliable  and  satisfactory  method.  It  has 
been  the  author’s  practice  in  these  cases  to  nse  a double 
pad  of  new  blotting  paper  the  size  of  the  area  to  be 
anesthetized,  saturating  this  with  about  a thirty  per 
cent,  cocaine  solution.  This  is  placed  upon  the  mncons 
membrane,  and  an  electrode  about  the  size  of  a dime 
placed  upon  this  where  it  is  held  by  the  hand  through- 
out the  administration.  The  electrode  may  he  held 
by  the  hand  in  this  instance,  because  the  mucous  mem- 
brane is  not  so  sensitive  to  the  current  as  the  tooth  pulp. 
From  three  to  five  minutes  is  usually  sufficient  in  this 
class  of  cases. 

At  the  same  time  that  cataphoresis-  was  introduced 
for  the  treatment  of  sensitive  dentine,  it  was  also  ad- 
vocated for  use  in  the  bleaching  of  discolored  teeth. 
Doctor  Morton  in  the  Dental  Cosmos  of  June,  1895, 
advocated  the  use  of  hydrogen  peroxide  for  this  purpose. 
Following  that,  various  other  agents  were  tried  which 
had  formerly  been  used  for  the  purpose  because  of  their 
well  known  bleaching  properties.  Peroxide  of  sodium, 
chloride  of  lime,  and  pyrozone  especially,  were  all  used 
cataphorically  with  equally  good  results. 

In  attempting  to  bleach  a tooth  in  this  manner  the 
first  step  is  the  preparation  of  a suitably  large  opening 
on  the  lingual  aspect  of  the  tooth.  This  opening  cannot 
be  made  too  large  and  especially  in  the  lateral  direction. 
The  most  perfect  cases  of  bleaching  ai*e  those  in  which 
a groove  is  cut  on  the  lingual  aspect  of  the  tooth  which 
will  expose  the  full  width  of  dentine.  The  current 
does  not  travel  underneath  the  enamel,  as  has  been 
shown,  and  for  this  reason  the  transverse  cut  should 
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be  one  that  will  expose  all  the  dentine  at  its  incisive 
edge. 

The  second  step  in  the  preparation  of  the  tooth  is 
the  removal  of  all  or  nearly  all  of  the  root  filling,  the  ob- 
ject being  to  provide  a path  for  the  current.  A pulp 
canal  filled  with  gutta-percha  will  offer  such  a high  re- 
sistance that  it  may  be  almost  impossible  to  start  the 
process. 

The  instruments  and  electrodes  used  in  bleaching 


Fig.  175.— Hollingsworth  Tube  Electrode. 


have  been  especially  devised  for  this  purpose.  The  S. 
S.  White  Manufacturing  Company  with  its  usual  enter- 

# i 

prise  has  placed  a rather  unique  set  of  appliances  upon 
the  market  for  bleaching,  the  invention  of  Dr.  W.  M. 
Hollingsworth.  The  first  step  after  the  preparation  of 
the  transverse  groove  is  the  provision  for  holding  the 
electrode  and  bleaching  agent  in  position.  A rubber 
nipple  shown  in  Fig.  175  has  a hole  cut  in  it  of  the 
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usual  size  for  slipping  over  a tooth.  This  is  then 
expanded  by  means  of  the  nipple  expander  shown  in 
Fig.  176  and  slipped  over  the  tooth  to  be  bleached. 
By  a careful  movement  the  expander  can  be  removed, 
leaving  the  rubber  nipple  tightly  enclosing  the  tooth. 
It  is  not  necessary  to  slip  the  nipple  more  than  two- 
thirds  the  distance  upon  the  tooth.  This  being  accom- 
plished, the  special  electrode,  also  shown  in  Fig.  175, 
is  then  slipped  in  the  open  mouth  of  the  nipple. 

Tha  next  step  is  that  of  filling  the  glass  and  nipple 
with  the  bleaching  solution.  For  this  purpose  a special 
syringe  called  a duplex  syringe  shown  in  Fig.  177  is  to 


Fig.  176.— Nipple  Expasdee. 


be  used.  The  fine  nozzle  communicates  with  the  second 
bulb.  This  is  filled  with  the  bleaching  solution  in  the 
usual  fashion.  When  the  syringe  is  fitted  into  the 
electrode,  the  forward  bulb  being  first  compressed  is 
allowed  to  expand.  This  exhausts  the  air  from  the  elec- 
trode and  nipple,  and  a little  pressure  upon  the  rear 
bulb  quickly  fills  the  electrode  with  the  solution.  In 
this  manner  the  electrode  is  kept  constantly  filled. 

While  a solution  of  sodium  peroxide  and  the  usual 
chlorine  liberating  agents  in  solution  may  he  used,  pref- 
erence has  been  given  to  pyrozone  when  used  in  the 
Hollingsworth  appliances.  The  ethereal  solution  of 
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hydrogen  peroxide  is  not  a good  conductor  of  electricity, 
and  it  must  therefore  he  converted  into  an  aqueous  solu- 
tion, which  is  done  in  the  following  manner : One  part 

water  to  two  parts  of  a twenty-five  per  cent,  pyrozone  so- 
lution are  held  in  an  evaporating  dish  over  a flame  till 
the  ether  has  evaporated.  This  leaves  the  hydrogen  per- 
oxide in  an  aqueous  form  and  a good  conductor  of  elec- 
tricity. 

The  voltage  and  the  amperage  that  one  should  expect 
to  obtain  in  bleaching  will  vary  much  more  than  in  den- 
tine anaesthesia,  depending  upon  the  condition  of  the 
pulp  canal  and  the  resistance  of  the  root  portion.  It 


Fig.  177.— Duplex  Syringe. 


needs  scarcely  be  noted  that  a tooth  which  requires 
bleaching  is  a pulpless  tooth  to  begin  with.  Teeth  having 
lost  their  pulps  will  exhibit  a very  high  electrical  resist- 
ance, due  to  the  loss  of  connection  between  the  tubular 
contents  and  the  tissues  surrounding  the  apex  of  the 
root.  Then  again  the  pulp  canal  may  be  filled  with  a 
non-conducting  material  so  that  the  only  path  that  the 
current  can  find  will  be  in  a lateral  direction  through 
the  dentine  and  cementum  of  the  root.  It  is  obvious, 
therefore,  that  as  previously  pointed  out,  a large  por- 
tion of  the  root  filling  should  be  removed  prior  to  mak- 
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ing  any  attempt  at  forcing  current  through.  At  the 
beginning  of  the  bleaching  operation  it  may  require  as 
high  as  sixty  volts  to  establish  a path  for  the  current. 
In  the- majority  of  cases,  however,  the  requirements 
will  seldom  exceed  thirty  volts. 

The  amperage  in  bleaching  cases  will  be  a little  more 
as  a rule  than  upon  sensitive  dentine.  The  tissues  at 
the  apex  of  the  root  or  those  which  surround  the  root 
are  not  of  the  highly  organized  structure  that  receives 
the  first  sting  of  the  current  in  dentine  anaesthesia. 
They  are  not  so  sensitive  to  the  current,  and  the  oper- 
ator may  therefore  use  more  current  in  bleaching  than 
would  be  tolerated  upon  dentine.  Three  to  five  milli- 
amperes  in  this  instance,  would  therefore  be  an  average 
strength  of  current  to  he  obtained. 

The  length  of  time  consumed  in  bleaching  will,  like 
applications  for  sensitive  dentine,  depend  upon  the  con- 
dition of  the  dentine  and  the  area  of  exposure.  The 
operator,  in  bleaching  a tooth,  can  to  a certain  extent  tell 
by  the  appearance  of  the  tooth  how  long  he  can  profit- 
ably continue  the  application.  In  bleaching,  however, 
the  many  widely  differing  conditions  that  will  be  pres- 
ent, necessarily  require  a wide  range  of  time.  In  favor- 
able cases  a tooth  can  be  perfectly  bleached  in  eight 
minutes  and  in  others  it  may  require  forty-five  min- 
utes to  obtain  a satisfactory  result. 

It  may  be  that  cataphoresis  has  fallen  into  disuse  in 
late  years,  but  this  is  probably  due  to  the  great  amount 
of  care  that  is  necessary  in  every  step  to  make  this 
operation  a success.  There  is  no  operation  in  dentistry 
and  especially  upon  dentine,  in  which  there  is  required 
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of  the  operator  such  a broad  knoAvledge  of  electricity  and 
such  an  amount  of  painstaking  care  as  a successful 
cataphoric  administration.  In  the  first  days  of  this 
method  pulps  were  killed  by  carrying  the  process  too 
far,  gum  tissue  was  destroyed  by  leakage,  severe  shocks 
were  produced  by  suddenly  breaking  the  current,  and 
these  along  with  the  amount  of  time  consumed  have 
contributed  to  the  partial  abandonment  of  cataphoresis. 
Experience  has  shown  that,  however  much  care  may  be 
necessary  for  a successful  cataphoric  application,  in 
some  cases  it  is  the  best  agent  at  the  dentist’s  command. 
Dr.  Louis  Jack  says:  “When  the  pain  attending  ex- 

cavation requires  active  treatment,  such  as  the  employ- 
ment of  zinc  chloride  or  general  amesthesia,  the  cata- 
phoric method  is  far  preferable  to  either,  and  is  abso- 
lutely certain  of  giving  relief.  The  results  of  success- 
ful cataphoresis  are  marvelous,  and  it  may  be  truly 
stated  that  no  advance  of  recent  years  in  the  therapeutic 
treatment  of  teeth  is  comparable  to  this.” 


CHAPTER  XI. 


The  X-Ray. 

The  X-rar  lias  no  more  fitting  application  than  in 
dental  practice.  In  medicine  and  surgery  its  use  lias 
never  been  questioned  a^,  an  aid  in  locating  foreign 
bodies,  in  diagnosing  fractures  and  dislocations,  in 
detecting  the  presence  of  calculi  and  pus  cavities,  and 
even  the  abnormalities  of  some  of  the  softer  tissues 
■whose  density  differs  but  little  from  that  with  which 
they  are  surrounded.  The  X-ray  is  also  of  value  in 
some  of  the  arts  and  as  the  appliances  are  being  per- 
fected and  new  uses  are  found  for  it,  its  applications 
are  still  broadening.  The  most  valuable  field,  however, 
will  always  be  in  medicine,  surgery,  and  dentistry. 

While  the  use  of  the  X-ray  in  dentistry  is  not  usually 
in  cases  in  which  it  is  a matter  of  life  or  death  with 
the  patient,  as  is  frequently  the  case  in  surgery,  its 
more  frequent  use,  however,  gives  it  a value  of  a high 
order.  Its  dental  applications,  while  confined  to  a 
comparatively  small  portion  of  the  body  are  of  rather 
wide  range  and  will  require  just  as  much  skill  on  the 
part  of  the  operator  as  in  work  upon  the  thicker  tissues. 
For  instance  the  dentist  must  be  able  to  so  manipulate 
his  tube  and  appliance  as  to  differentiate  between  the 
roots  of  the  teeth  and  the  bone  which  surrounds  them, 
a feat  equal  to  any  accomplished  by  the  physician.  Or, 
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on  the  other  hand,  he  may  have  simply  the  location 
of  a broken  broach  or  a pus  cavity  which  are  compara- 
tively easy.  The  most  frequent  dental  uses  of  the 
X-ray  are  for  locating  unerupted  teeth,  for  ascertain- 
ing their  position  and  the  shape  of  their  roots,  for 
diagnosing  fractures  of  the  jaw,  for  locating  foreign 
objects  such  as  a broken  broach,  for  determining  the 
depth  of  root  filling,  the  extent  of  an  abscess,  or  the 
proportions  of  the  antrum. 

The  successful  use  of  the  X-ray  requires  a somewhat 
formidable  array  of  appliances,  and  the  manipulation 
of  them  calls  for  one  who  is  accustomed  to  mechanical 
details.  To  this  extent  the  dentist  is  very  well  fitted, 
at  the  very  outset  by  the  nature  of  his  mechanical  and 
digital  acquirements.  Instruments  and  instrumentation 
are  his  daily  company  and  his  occupation.  [Moreover, 
X-ray  work  being  an  electrical  process,  the  majority  of 
dentists  are  to  a large  extent  familiar  with  the  funda- 
mental electrical  requirements  and  are  already  equipped 
with  many  appliances  which  may  he  used  in  the  work. 

The  discovery  of  the  X-rays  was  made  by  Prof. 
William  Conrad  Roentgen  of  Wurzburg,  Germany, 
in  Xovember,  1895.  lie  was  at  the  time  professor  of 
physics  at  the  Royal  University  of  Wurzburg.  In 
1879  Professor  Crooks  had  made  his  classical  experi- 
ments with  tubes  of  a very  high  vacuum,  and  from  that 
time  till  the  discovery  made  by  Roentgen,  scientists 
were  at  work  upon  the  phenomena  of  high  vacuum  tubes. 
Professor  ITertz,  of  Bonn,  in  18SS,  bv  means  of  a high- 
vacuum  tube  demonstrated  the  theory  of  light  which 
had  been  propounded  by  Maxwell. in  1SG4.  The  waves 


THE  X-RAY 


447 


discovered  by  Hertz  liave  since  borne  his  name.  Pro- 
fessor Lenard,  a former  assistant  of  Professor  Hertz, 
in  1894,  made  further  efcperiments  along  the  same  line, 
and,  in  following  np  a suggestion  thrown  out  by  Hertz, 
found  that  the  rays  were  transmitted  to  the  outside  of 
the  generating  tube.  It  was  but  a step  further  and  a 
year  later  when  Poentgen  discovered  still  another  ether 
wave  which  emanated  from  the  tube.  This  differed 
from  all  other  known  waves,  and  for  want  of  a better 
term,  he  modestly  called  them  the  X (unknown)  rays 
by  which  they  are  commonly  known  to-day. 

When  an  electrical  connection  has  been  made  between 
two  conductors  the  current  will  still  flow  across  the  gap 
if  the  conductors  be  slightly  separated.  Even  as  low 
as  forty  volts’  pressure  will  maintain  an  arc  half  an  inch 
in  length  provided  thq  current  has  been  once  established 
by  actual  contact  between  the  terminals.  But  to  bridge 
a space  in  the  ordinary  atmosphere  without  actual  con- 
tact is  quite  another  problem.  It  is  estimated  that 
without  previous  contact  it  requires  an  electromotive 
force  of  about  fifty  thousand  volts  for  every  inch  of 
air  space  bridged  by  an  electric  spark.  It  has  been 
found,  however,  that  if  the  air  has  been  exhausted  from 
a glass  tube  so  as  to  leave  about  one-fifteenth  of  its  origi- 
nal amount,  an  electrical  presure  which  will  jump  only 
one-fourth  of  an  inch  in  the  open  air,  will  pass  through 
such  a tube  six  inches  in  length.  Tubes  which  have  been 
exhausted  to  about  three-thousandths  of  an  atmosphere 
are  regarded  as  of  comparatively  low  vacuum  and  are 
known  as  Geissler  tubes.  They  have  been  exhausted  to 
a point  where  their  electrical  resistance  is  the  least 
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and  the  electrical  charges  easily  pass  through  them.  As 
a matter  of  fact,  an  electrical  discharge  will  take  place 
through  twelve  feet  of  these  tubes  rather  than  jump  a 
gap  of  three  inches  in  the  open  air.  In  these  tubes  the 
current  does  not  flow  in  the  usual  form  of  a spark,  but  in 

fluorescent  coruscations.  These  effects  can  be  made 

% 

quite  beautiful  by  using  tubes  of  uranium  glass,  and 
by  the  introduction  of  various  substances  into  the  tubes, 
as  a sulphate  of  quinine,  iodine,  the  fluorides  of  boron 
and  silicon,  hydrogen  and  nitrogen. 

If  these  tubes  be  now  further  exhausted,  it  will  be 
found  that  the  electrical  resistance  increases  with  the  de- 
gree of  exhaustion,  and  this  may  even  be  continued 
till  a point  is  reached  where  it  is  impossible  to  force 
any  current  through  it.  The  resistance  of  the  tube 
becomes  even  higher  than  that  of  the  atmosphere.  If 
the  exhaustion  has  been  carried  to  about  one-millionth  of 
an  atmosphere,  it  will  require  a pressure  of  one-half 
again  as  much  electrical  force  to  produce  a discharge  as 
that  required  in  the  atmosphere.  Tubes  of  this  character 
are  known  as  Crookes  tubes,  and  they  also  differ  from 
the  Geissler  tubes  in  their  form.  Geissler  tubes  are 
usually  long  and  of  fantastic  shapes,  whereas  the 
Crookes  tube  generally  consists  of  an  enlarged  bulb  with 
a stem  which  contains  an  inleading  electrode  and  which 
also  serves  for  holding  the  tube  as  shown  in  Fig.  178. 

The  vacuum  of  the  Crookes  tube  is  so  nearly  perfect 
that  the  tube  has  a very  high  resistance.  In  fact  it 
borders  so  nearly  on  an  absolute  vacuum  that  the  first 
tubes  of  this  character  employed  in  X-rav  work  became 
worthless  in  time  because  of  a gradual  rise  of  the  vac- 
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Fro.  178.— OtouK  i:s  Tubf. 


450 


DENTAL  ELECTRICITY 


mim  to  a point  where  it  became  impossible  to  force 
current  through  them  with  even  the  most  powerful  elec- 
trical generators. 

It  is  in  such  a tube  that  the  X-ray  is  generated.  The 
vacuum  is  so  high  that  it  requires  the  most  powerful 
generators  to  energize  the  tube.  As  a matter  of  fact, 
the  most  efficient  X-rays  are  generated  in  a tube  which 
borders  on  an  absolute  vacuum.  The  nearer  such  a con- 
dition can  be  approached  and  the  current  still  made  to 
pass,  the  more  penetrating  will  be  the  X-rays  which 
emanate  therefrom. 

In  the  Geissler  tube,  which  is  of  comparatively  low 
vacuum,  the  molecules  of  the  contained  gases  which  ordi- 
narily tend  to  move  in  straight  lines  are  thrown  into 
violent  agitation  because, of  the  very  short  free  path  to 
which  they  are  limited.  As  the  vacuum  is  raised  to 
that  of  a Crookes  tube,  the  free  path  of  each  molecule 
is  lengthened  and  the  luminous  effects  disappear,  only 
the  glass  containing  Avail  appearing  to  have  any  color. 
This  generally  becomes  a bright  canary  yelloAv  when  the 
tube  is  most  efficient  in  the  production  of  X-rays.  The 
color  appears  to  be  in  the  glass  itself,  and  while  most 
tubes  gives  a yellow  color,  tbe  German  tube  becomes  a 
bright  green  and  others  have  a bluish  appearance. 

While  the  nature  of  the  X-ray  has  been  a matter  of 
speculation  from  the  first,  it  is  now  generally  conceded 
to  be  an  ether  Avave  of  extremely  high  frequency.  The 
different  colors  of  the  spectrum  as  they  appear  to  the 
eye  are  due  to  different  frequencies  of  transverse  vibra- 
tions of  the  ether.  They  have  a frequency  of  from  about 
four  hundred  billions  for  the  red  to  about  seven  hundred 
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and  fifty  billions  for  the  violet.  All  the  other  colons  are 
due  to  frequencies  between  these  two  extremes. 

While  the  human  vision  is  limited  to  a range  of  about 
three  hundred  and  fifty  billions,  it  would  be  unreason- 
able to  suppose  that  there  are  no  other  vibrations  of  the 
ether.  The  actual  spectrum  has  been  demonstrated  to 
be  of  much  wider  range,  and  that  visible  to  the  human 
eye  is  but  the  least  part  of  it.  Below  the  red  end  of 
the  visible  spectrum  for  a distance  of  fifty  times  the 
visible  length  are  waves  whose  frequency  is  but  a hun- 
dred millions.  In  this  part  of  the  spectrum,  the  infra 
red,  are  to  be  found  the  heat  rays  of  twelve  billions  per 
second,  the  Hertz  waves  of  two  hundred  and  thirty  mil- 
lions per  second,  and  still  lower  at  only  a million  per 
second  we  enter  the  electro-statical  radiations. 

At  the  other  extreme  and  beyond  the  violet  end  of 
the  visible  spectrum  in  the  ultra  violet,  for  ten  times  the 
length  of  the  visible  part,  are  vibrations  of  increasing- 
frequency.  While  these  waves  have  no  effect  upon  the 
human  eye,  they  however,  have  actinic  properties,  and 
photochemical  reactions  take  place  in  their  presence. 
At  the  farthest  extreme  in  this  direction,  and  at  a yet 
undetermined  rate,  are  found  the  X-rays.  Their  rate  of 
vibration  is  supposed  to  be  at  least  trillions  per  second. 
Yoller  has  estimated  them  at  288,224,000,000,000,000 
complete  vibrations  per  second.  The  discovery  of  the 
X-ray  has  added  at  least  seven  octaves  beyond  the 
known  ultra-violet. 

The  precise  nature  of  an  X-ray  wave  is  still 
unknown,  but  most  scientists  lean  to  the  belief 
that  it  is  a transverse  vibration  of  the  ether.  Roent- 
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gen  at  the  time  of  the  discovery  was  of  the  opinion 
that  it  was  a longitudinal  vibration,  for  he  says:  “It 

has  long  been  known  that  besides  the  transverse  light 
vibrations,  longitudinal  vibrations  might  take  place  in 
the  ether,  and  according  to  the  view  of  the  different 
physicists,  must  take  place.  Certainly  their  existence 
has  not  up  till  now  been  made  evident,  and  their  prop- 
erties have  not  on  that  account  been  experimentally  in- 
vestigated. May  not  the  new  rays  be  due  to  longitudi- 
nal vibrations  in  the  ether  ?” 

His  second  paper  did  not,  however,  touch  upon  the 
nature  of  the  X-rays  which  indicates  that  he  was  not  yet 
satisfied  in  his  own  mind  as  to  their  exact  nature,  and 
the  most  recent  investigations  show  them  to  he  trans- 
verse vibrations  of  the  ether,  but  of  an  extremely  hisdi 
frequency  and  of  proportionately  short  wave  length. 

The  X-rays  differ  from  other  known  ether  waves  in 
certain  particulars,  which  entitle  them  to  a distinct 
classification.  Light  rays  may  be  refracted,  deflected, 
or  condensed,  but  the  X-rays  cannot  he  made  to  do  so. 
They  can,  however,  to  a small  extent,  be  diffused.  The 
Lenard  ray  which  also  emanates  from  the  cathode 
very  closely  resembles  the  X-ray,  but  this  ray  can  be 
deflected  by  a magnet  which  indicates  that  it  is  of  a 
different  nature.  Moreover,  the  Lenard  ray  can  be  gen- 
erated in  a vacuum  of  one  ten-thousandth  of  an  atmos- 
phere, whereas  the  X-ray  vacuum  must  be  much 
higher  than  that.  The  X-rays  pass  out  from  the 
tube  in  straight  lines  and  only  suffer  as  to  their  intensity 
which  is  inversely  proportionate  to  the  distance  from  the 
tube. 
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The  energizing  of  the  X-ray  tube  requires  a current 
of  exceedingly  high  pressure  and  of  comparatively  small 
ampere  strength.  This  can,  at  present,  be  produced 
by  three  appliances : the  static  machine,  the  induction 
coil,  and  the  Tesla  coil. 

The  static  machines  are  of  several  varieties,  hut  those 
named  after  Iloltz  and  Wimshnrst  have  proven  them- 
selves most  efficient  and  reliable.  The  Iloltz  machine 
consists  of  two  or  more  glass  plates,  one  of  them  fixed 
and  the  other  so  mounted  that  it  is  free  to  revolve.  The 
stationary  plate  has  two  circular  openings  called  win- 
dows, which  are  in  a position  opposite  two  metallic 
combs  on  the  front  side  of  the  movable  plate.  On  the 
rear  surface  of  the  stationary  plate  are  two  paper  in- 
ductors extending  one-sixth  of  the  distance  from  one 
window  around  toward  the  other  window.  The  edge 
of  the  paper  at  the  window  opening  is  armed  with  a 
row  of  points  which  project  into  the  window.  The 
Iloltz  machine  is  sometimes  made  up  of  a number  of 
plates  which  increase  the  strength  of  the  discharge 
which  for  X-ray  work  is  quite  essential.  In  some  ma- 
chines of  this  type,  as  many  as  twenty-four  plates  are 
assembled  on  one  shaft.  Tbe  plates  of  such  machines 
need  not  necessarily  be  made  of  glass,  but  may  be  made 
of  hard  rubber  or  mica. 

The  principal  modification  of  the  Iloltz  machine  was 
made  in  1883,  bv  Topler,  who  fastened  a number  of 
small  foil  discs  with  raised  centres  on  the  movable  plate. 
Four  very  light  wire  brushes  are  also  employed,  two 
being  attached  to  tbe  stationary  plate  and  two  to  the 
combs  in  front  which  touch  lightly  on  the  raised  discs  as 
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they  pass.  The  metallic  discs  always  carry  a feeble 
electrical  charge  and  in  this  way  the  machine  becomes 
self-exciting  or  self-charging.  A few  years  later  Atkin- 
son made  some  improvements  in  the  minor  details  and 
the  machine  now  bears  his  name. 

This  machine  is  very  susceptible  to  moisture  and  dust 
and  on  that  account  is  generally  enclosed  in  a case  as 
shown  in  Fig.  179. 

The  moisture  within  the  case  may  be  taken  up  by  any 
dehydrating  agent.  Chloride  of  calcium  is  generally 
used  for  this  purpose,  a vessel  of  the  same  being. placed 
in  the  enclosure.  It  is  also  important  to  keep  the  room 
at  a temperature  as  uniform  as  possible. 

The  other  form  of  static  machine  frequently  employed 
is  the  Wimshurst  invented  in  1SS3.  This  consists  of 
one  of  more  pairs  of  glass  or  vulcanite  plates,  which  are 
made  to  revolve  in  opposite  directions,  thus  doubling 
the  speed  at  which  the  plates  pass  one  another  without 
endangering  the  plates.  Metallic  carrier  strips  are 
cemented  radially  upon  each  plate. 

A curved  metal  rod  is  placed  in  front  of  each  plate  at 
an  angle  of  ninety  degrees  from  the  one  in  front  of  the 
next  plate.  The  ends  of  the  rods  are  fringed  with  a 
delicate  metallic  brush  which  plays  upon  the  carrier 
strips  as  they  pass.  At  a point  forty-five  degrees  be- 
tween the  curved  rods  is  fixed  a set  of  combs  which 
enclose  diametrically  opposite  edges  of  the  plates. 

When  the  plates  are  set  in  motion  they  receive  an  in- 
itial charge  bv  the  friction  of  the  brushes.  Since  they 
revolve  towards  one  another  the  charge  is  increased  by 
induction,  and  in  this  manner  heavy  discharges  soon 
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Fig.  170.— Atkinson  Topler  Machine. 
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take  place  between  the  knobs  which  are  in  connection 
with  the  collecting  combs. 

The  Wimshurst  machine  does  not  suffer  an  automatic 
reversal  of  potential,  as  sometimes  occurs  with  the  Holtz 
and  Topler  machines  even  while  they  are  in  operation. 
^ The  second  method  of  generating  current  for  the 
X-ray  tube  is  by  means  of  the  induction  coil.  This  is 
sometimes  called  from  its  inventor,  the  Rhumkorff  coil. 
The  underlying  principle  is  that  of  induction  discovered 
by  Faraday  in  1S32.  If  a current  of  electricity  lx? 
caused  to  flow  in  a conductor  in  impulses,  or  better  still 
in  complete  breaks,  the  ether  surrounding  the  conductor 
will  convey  a magnetic  impulse  to  a wire  parallel  with, 
but  entirely  insulated  from  the  first  conductor.  This 
magnetic  impulse  causes  a current  of  electricity  to  flow 
in  the  second  wire,  but  in  a direction  opposite  to  the 
impulses  in  the  first  wire.  The  potential  of  the  second 
impulse  or  secondary  current  is  proportionate  to  the 
first,  if  the  same  length  of  wire  is  employed  in  each 
coil.  It  was  soon  found  that  by  increasing  the  length 
and  the  number  of  turns  of  the  secondary  coil,  the  poten- 
tial of  the  secondary  would  be  increased.  Or,  if  the 
proportion  be  reversed,  and  the  primary  current  be  sent 
through  the  fine  wire  a current  of  low  potential  but  of 
high  ampere  strength  will  flow  in  the  coarse  or  short 
wire.  This  principle  of  the  Rhumkorff  coil  is  commer- 
cially employed  in  the  transformer  used  for  the  reduc- 
tion of  a high-volt  current  to  one  of  low  pressure.  Tt 
should  be  borne  in  mind,  however,  that  as  the  voltage  of 
one  coil  is  raised  by  increasing  the  number  of  turns, 
the  ampere  strength  of  the  current  proportionately  de- 
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creases.  In  X-ray  work  a current  of  very  liigli  voltage 
and  very  little  ampere  strength  is  necessary,  and  for  this 
reason  the  induction  coil  should  have  a very  large  sec- 
ondary as  compared  with  its  primary.  In  the  practical 
construction  of  a coil  which  will  give  a secondary  spark 


Fig.  180.— W imshuhst  Machine. 

of  ten  inches,  the  primary  coil  is  made  up  of  tAvo  or  three 
layers  only  of  twelve  or  fourteen  gauge  copper  Avire, 
while  the  secondary  coil  requires  about  ten  miles  of 
thirty-six  gauge  copper  Avire.  The  great  Apps  coil 
Avhich  gave  a forty-tAvo  inch  spark  contained  tAvo  hun- 
dred and  eighty-six  miles  in  the  secondary. 

The  induction  coil  to  be  most  efficient,  hoAvever,  should 
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liave  its  primary  coil  wound  upon  a soft  iron  core  the 
effect  of  which  is  to  increase  its  induction.  The  core  is 
Lest  made  by  using  a bundle  of  the  softest  iron  wires  of 
about  eighteen  or  twenty  gauge.  The  object  in  having  it 
in  this  fine  state  of  division  is  that  it  may  take  up  and 
lose  its  magnetism  more  quickly,  and  also  to  prevent  un- 
due heating  and  Foucault  currents.  In  the  manufacture 
of  the  best  cores  the  wires  are  frequently  shellaced,  or 
perhaps  the  whole  core  when  assembled  is  immersed  in 
melted  paraffine.  When  the  core  is  completed  it  is 
wound  with  a layer  of  insulating  tape. 

The  primary  coil  generally  consists  of  from  but  two 
to  four  layers  of  about  ISTo.  12  to  14  gauge  insulated 
copper  wire.  This  winding  is  made  upon  the  core 
just  described,  from  end  to  end.  In  the  best  coils  it 
is  customary  to  make  the  core  and  the  primary  wind- 
ing somewhat  longer  than  the  secondary,  and,  by  so 
doing,  if  the  secondary  is  placed  over  the  middle  of  the 
primary,  it  is  in  the  most  intense  inductive  field.  Tlie 
insulation  of  the  primary  should  be  good,  for  while 
there  is  not  a great  difference  in  potential  between  the 
different  turns,  the  short-circuiting  of  the  different 
layers  would  be  a serious  matter.  The  greatest  pre- 
caution, however,  should  be  observed  in  insulating  the 
primary  from  the  secondary.  This  can  only  be  done 
by  the  use  of  a very  thick  hard  rubber  tube.  In  the 
larger  coils  the  walls  of  this  tube  are  sometimes  an  inch 
in  thickness  and  cover  the  full  length  of  the  primary 
coil. 

The  most  important  part  of  the  induction  coil  lies 
in  the  winding  and  insulation  of  the  secondary  coil. 
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There  must  be  not.  only  perfect  insulation  between  the 

successive  turns  of  wire,  but  the  greatest  precaution  is 

necessary  to  have  sufficient  insulation  between  the  sec- 
*/ 

ondary  and  the  primary.  For  instance,  a coil  which  is 
capable  of  giving  a fifteen-inch  spark  between  its  termi- 
nals, must  have  an  insulation  between  it  and  the  primary 
coil  which  it  surrounds,  capable  of  withstanding  a pres- 
sure of  about  seven  hundred  and  fifty  thousand  volts. 
On  the  other  hand,  the  nearer  the  secondary  is  wound  to 
the  primary  the  more  efficient  will  he  the  coil.  For  this 
reason  the  rubber  tube  which  separates  the  two  must 
be  of  the  most  perfect  construction  in  order  that  it  may 
be  as  thin  as  possible  and  at  the  same  time  be  able  to 
withstand  this  enormous  pressure.  It  is  much  easier  for 
the  secondary  current,  were  it  not  for  the  insulation, 
to  jump  to  the  primary  coil  and  core  than  to  bridge  the 
full  space  between  the  terminals  upon  the  outside  of 
the  coil.  It  is  not  impossible,  however,  by  sufficient 
care,  as  has  been  demonstrated,  to  make  a coil  with 
such  good  insulation  that  the  spark  will  be  even  longer 
than  the  secondary  coil  itself.  The  author’s  own  Queen 
coil  has  a secondary  coil  of  but  thirteen  inches  in  length 
and  yet  it  is  capable  of  giving  a full  fifteen-inch  spark. 

The  wire  with  which  the  secondary  is  wound  is  usu- 
ally a thirty-six  to  forty  gauge,  according  to  the  size  of 
the  coil  and  the  purpose  for  which  it  is  to  be  used.  As 
a rule,  the  larger  the  coil,  the  larger  the  wire.  In  the 
great  Apps  coil,  Xo.  34  was  employed  for  the  larger  part 
and  at  the  ends  the  size  increased  to  twenty-eight  gauge. 

The  winding  of  the  secondary  in  small  coils  is 
a very  simple  matter,  being  much  like  thread  is  wound 
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upon  a.  spool;  but  if  such  a method  were  carried  out  in 
a large  coil,  the  tendency  of  the  current  to  jump  from 
layer  to  layer  in  spite  of  the  most  perfect  insulation 
would  be  too  great,  and  such  a coil  would  short-circuit 
itself  very  quickly.  The  method  pursued  in  the  wind- 
ing of  the  secondary  of  large  coils  is  not  to  arrange 
the  layers  horizontally  with  the  core,  but  perpendicu- 
larly thereto.  This  is  accomplished  by  winding  the 
secondary  wire  in  a disc-like  form,  and  assembling  these 
discs  side  by  side  upon  the  tube  which  insulates  the 
primary  from  the  secondary.  A form  is  made  with 
a hub  the  size  of  the  outside  diameter  of  the  insulat- 
ing tube.  The  sides  are  two^  removable  discs  whose 
outside  diameters  are  as  large  as,  or  perhaps  larger  than 
the  secondary  coil  is  to  be,  and  are  about  one-eighth  of 
an  inch  apart.  This  form  is  then  mounted  in  such  a 
manner  that  it  may  be  revolved.  The  secondary  wire 
in  passing  from  its  spool  to  the  form  is  caused  to  pass 
through  a vessel  of  melted  paraffine.  The  paraffine  not 
only  assists  in  the  insulation,  but  when  the  form  is  filled 
and  the  paraffine  has  cooled,  the  sides  may  be  removed 
and  tbe  discs  may  be  handled  without  danger  of  dis- 
placing the  wires. 

When  the  proper  number  of  these  discs  of  coiled 
wire  has  been  made,  it  being  customary  to  make  the 
secondary  about  twice  tbe  length  of  its  diameter,  they 
are  assembled  upon  tbe  ebonite  tube,  a disc  of  thin 
vulcanite,  or  of  heavy  paraffined  paper  separating  each 
of  the  coils.  The  coils  are  put  on  in  such  an  order 
that  in  connecting  them  together  the  ends  of  neighboring 
coils  always  meet  either  at  the  center  or  at  the  circum- 
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ference,  observing  at  the  same  time  that  the  wire  con- 
tinues in  the  same  direction  around  the  core.  In  the 
larger  coils  the  discs  which  are  at  the  ends  sometimes 
have  a larger  center  than  those  in  the  middle  so  as  to 
reduce  the  danger  of  sparking  through  to  the  primary. 

When  the  secondary  is  assembled  and  tbe  connections 
between  the  discs  have  been  soldered  the  entire  coil  is 


Fig.  181.— The  Induction  C'oii.  Vibrator. 


immersed  in  melted  paraffine  till  all  the  air  has  been 
driven  out,  thus  insuring  a still  higher  degree  of  insula- 
tion. The  coil  is  then  ready  for  the  mounting. 

The  next  step  and  a very  important  one  is  the  con- 
struction of  the  vibrator  or  wheel  whereby  the  current 
is  to  be  interrupted.  Tbe  vibrator  as  shown  in  Fig. 
181,  consists  of  a weighted  spring  which  is  drawn 
towards  the  core  upon  the  latter’s  being  magnetized  by 
the  current.  Just  as  the  spring  has  about  reached 
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its  full  swing  toward  the  core  it  breaks  the  electrical 
connection  at  C for  the  primary  coil,  and  in  so  doing 
is  magnetically  released.  Upon  swinging  back  the 
electrical  connection  is  again  made,  when  it  is  again 
drawn  toward  the  core  and  the  current  again  broken. 
In  this  manner  the  current  is  automatically  made  and 
broken  by  the  swing  of  the  vibrator.  The  strength 
of  magnetic  induction  depends  upon  the  length  of  time 


that  contact  is  made,  the  abruptness  of  the  break,  and 
the  rapidity  of  these  changes  per  second.  The  first 
vibrators  consisted  simply  of  a weighted  spring  so  con- 
structed that  the  rate  of  vibration  could  be  varied  either 
by  moving  the  weight  up  or  down,  or  by  varying  the 
tension  of  the  spring  by  means  of  a screw  as  shown  in 

Fig.  181. 

The  more  modern  and  efficient  vibrators  are  so  con- 
structed that,  by  means  of  a double  spring  as  shown  in 
Fig.  182,  the  contact  is  not  broken  till  the  weighted 
spring  is  at  its  fastest  speed.  The  contact  has  thus 
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a comparatively  long  period  of  time  and  a very  abrupt 
break. 

The  second  method  of  interrupting  the  current  is  by 
the  use  of  a recently  devised  appliance  known  from  its 
inventor,  Dr.  Weknelt,  as  the  Wehnelt  interrupter.  It 
is  also  known  as  the  electrolytic  interrupter  by  reason 
of  the  phenomena  upon  which  it  is  based.  This  ap- 
peared early  in  1899.  It  consists  of  a glass  vessel  about 
the  size  of  an  ordinary  battery  jar  in  which  a lead  plate 
forms  one  electrode  and  a platinum  point  forms  the 
other.  The  electrolyte  is  a dilute  solution  of  sulphuric 
acid  of  about  the  same  proportions  used  in  the  storage 
cell,  or,  one  of  acid  to  four  of  water.  The  platinum 
electrode  was  first  made  by  sealing  a piece  of  24-gauge 
platinum  wire  in  a glass  tube  allowing  about  one- 
eighth  of  an  inch  to  project  therefrom.  This  was  found 
to  be  very  easily  broken  by  reason  of  the  heat  and  the 
violent  action  about  the  point.  To  overcome  this  objec- 
tion, Dr.  W.  A.  Price  has  suggested  the  use  of  a clay 
pipe  stem  with  a platinum  wire  which  neatly  fits  the 
hole  and  especially  at  the  opening.  The  wire  being 
movable,  can  be  easily  adjusted  so  as  to  present  either  a 
large  or  small  point. 

It  is  important  in  making  the  connections  to  see  that 
the  positive  wire  is  connected  to  the  platinum  electrode 
and  the  negative  wire  to  the  lead  electrode,  otherwise 
the  platinum  point  would  be  quickly  melted. 

The  theory  as  to  the  manner  in  which  this  form  of 
interrupter  acts  when  used  with  induction  coils  is  this: 
The  wire,  as  the  result  of  electrolysis  becomes  enveloped 
in  a gas.  This  acts  as  a very  high  resistance  for  the 
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moment  and  an  explosion  follows  which  effects  a com- 
plete break  in  the  current.  These  explosions  are  due  to 
the  ignition  of  the  gases  by  the  spark  which  follows  the 
first  breaking  of  the  current.  They  take  place  with 
great  rapidity,  varying  from  two  hundred  to  two  thou- 
sand per  second.  Their  frequency  varies  directly,  as  the 
voltage  and  inversely  with  the  exposure  of  platinum. 

The  virtue  of  the  Wehnelt  interrupter  lies  in  the 
abruptness  of  the  break  and  in  the  frequency  of  the 
same.  Xo  mechanical  appliance  has  yet  been  devised 
which  can  produce  an  interruption  of  an  equally  clean 
cut  and  which  at  the  same  time  produces  the  rapidity 
of  interruptions. 

When  induction  coils  are  operated  by  mechanical 
interrupters  it  is  necessary  to  employ  a condenser.  This 
lessens  the  spark  at  the  place  of  interruption  and  in- 
creases the  inductance  of  the  primary  by  discharging 
into  it  when  the  circuit  is  again  closed.  When  the 
electrolytic  interrupter  is  used,  however,  the  condenser 
is  dispensed  with. 

A peculiar  feature  of  the  Wehnelt  interrupter,  how- 
ever, is  that  it  is  not  so  well  adapted  for  use  with  large 

coils  as  with  small  ones.  Its  efficiencv  is  best  when 

*/ 

used  upon  coils  which  give  a spark  not  exceeding  ten 
inches.  Tins  is  accounted  for  by  supposing  that  the  fre- 
quency of  interruption  is  so  high  that  the  current  in 
the  large  coils  does  not  reach  its  maximum  before  it  is 
interrupted.  When  used  upon  coils  not  exceeding  ten 
inches  their  efficiency  is  almost  doubled:  whereas  coils 
which  give  only  a thin  spark  of  a given  length  when 
operated  by  a vibrator,  not  only  give  a thicker  spark 
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but  a much  longer  one.  Another  peculiarity  of  this 
interrupter  is  a tendency  to  suddenly  stop  its  operations 
when  too  much  current  is  sent  through  it.  A yellowish 
glow  is  seen  around  the  platinum  point  and  if  the  in- 
sulating  tube  is  of  glass  it  appears  much  as  if  the  cur- 
rent were  trying  to  enlarge  the  surface  of  the  platinum 
point  by  breaking  through  the  glass  sheath. 

There  are  two  objections  to  this  interrupter.  One 
is  the  noise  which  accompanies  the  interruptions  and 
the  other  is  the  fumes  that  arise  from  the  electrolytic 
action.  The  noise,  however,  is  not  more  than  usually 
accompanies  the  operation  of  an  induction  coil  by  other 
methods,  and  the  fumes  may  be  taken  care  of  by  cover- 
ing the  cell  with  a close-fitting  lid. 

While  the  vibrator  or  the  Wehnelt  interrupter  is  all 
that  is  required  for  smaller  coils,,  those  giving  over  a 
ten-inch  spark,  on  account  of  the  heavy  current  neces- 
sary, require  a different  method  of  breaking  the  cur- 
rent. Beyond  a certain  current  the  platinum  contacts 
become  heated,  and  frequently  weld  together  so  that 
a more  certain  method  is  necessary.  This  brings  us  to 
the  third  method  of  breaking  the  current  which  is  by 
means  of  a wheel  appliance.  This  is  furnished  with 
the  Edison  coils  as  illustrated  in  Fie-.  183.  The  ad- 

O 

vantage  of  the  wheel  over  the  vibrator  when  used  on 
large  coils  and  with  a necessarily  heavy  current  is  that 
the  break  of  the  current  is  absolutely  insured.  When- 
ever the  primary  current  of  an  induction  coil  is  broken 
there  is  always  a large  spark,  much  larger  than  when  a 
current  of  like  strength  is  ordinarily  broken.  This  is  be- 
cause of  the  iron  core  and  induction.  Moreover,  by  the 

30 
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use  of  the  wheel,  the  length  of  contact  can  be  propor- 
tioned to  be  the  most  efficient  in  a very  simple  and  easy 
manner,  and  the  abruptness  of  the  break  can  be  secured 
by  means  of  a blast  of  air  directed  upon  the  spark.  The 
rate  of  breaking  the  current  can  he  controlled  by  the 
usual  rheostat  regulation  of  the  motor.  The  wheel  ap- 
pliance for  doing  this  work  consists  of  a brass  casting 
with  outwardly  projecting  lugs  which  make  contact  as 


Fig.  1S3.— Edison  Wheel  Appliance. 


they  pass  under  a brush.  The  length  of  contact  de- 
pends upon  the  breadth  of  the  lugs  in  proportion  to 
their  distance  apart,  the  distance  between  them  rep- 
resenting the  proportionate  time  of  the  break.  In  the 
appliance  illustrated  the  proportion  of  contact  to  break 
is  about  two  to  one.  It  will  also  be  noticed  that  there 
are  two  wheels  which  operate  in  parallel.  By  this 
arrangement  the  current  is  broken  in  two  places  at  once 
which  reduces  the  spark  one-half  at  each  brush. 

Based  upon  the  above  theory  of  induction  the  author 
made  for  his  fifteen-inch  Queen  coil  which  is  shown  in 
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Fig.  1S4,  a mechanical-break  appliance.  This  consisted 
of  four  slate  wheels  one  and  one-half  inches  by  four 
inches  in  diameter  mounted  upon  a shaft.  Each  wheel 
has  six  brass  segments  inlaid  in  the  periphery  so  as  to 
be  smoothly  Hush  with  the  slate.  Four  pairs  of 
brushes  bear  upon  the  slate  wheels.  The  brushes  are 
half  an  inch  wide  and  half  an  inch  apart.  These  are 


Fig.  184.— Fifteen  I _ cu  Queen  Induction  Coil. 


connected  together  in  pairs  so  that  when  the  cylinder 
is  revolved,  if  they  bear  upon  the  plates  complete  con- 
nection is  made  throughout  and  if  they  bear  upon  the 
slate  the  current  is  likewise  broken  throughout.  They 
are  so  accurately  adjusted  that  as  the  cylinder  is  re- 
volved the  four  segments  slide  from  under  the  brushes 
at  precisely  the  same  instant.  In  this  manner  the 
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circuit  is  broken  at  eight  places  simultaneously,  the 
effect  of  which  is  the  same  as  if  the  wheel  were  revolv- 
ing at  twelve  times  its  speed.  It  thus  decreases  the 
length  of  the  spark  at  each  brush  to  only  one-eighth 
what  it  would  be  if  one  brush  were  used.  The  reduced 
spark  thus  allows  the  metallic  segments  to  be  made 
very  wide  in  proportion  to  the  insulating  separations 
of  slate.  In  practice  it  is  desirable  to  have  only  enough 
distance  between  the  contacts  to  insure  complete  ex- 
tinction of  the  spark.  If  the  spark  were  to  bridge 


from  segment  to  segment,  the  inductive  effect-  would  be 
destroyed.  In  short,  the  eight  simultaneous  breaks  in 
the  current  allow  of  very  long  periods  of  contact  in  pro- 
portion to  the  periods  of  break,  and  thus  permit  of  a 
higher  speed,  the  effect  of  both  of  which  is  to  increase  the 
inductive  effect  a great  many  time's.  This  result  has  been 
very  marked  in  the  author’s  coil.  Where  the  vibrator  as 
supplied  with  the  coil  gave  only  a thin  spark  even  when 
the  points  were  quite  close  together,  the  wheel  appli- 
ance gave  a flame  between  four  and  five  inches  in  length, 
and  when  the  spark  gap  was  at  ten  inches  a stream  of 
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sparks  passed  which  the  vibrator  could  only  equal  when 
the  gap  was  but  one  to  two  inches  wide.  The  difference 
of  effect  was  even  more  marked  in  the  tube;  whereas 
the  vibrator  at  all  times  produced  a flickering  light  in 
the  fluoroscope,  the  cylinder  gave  a steady  fluorescence 
equal  to  that  given  by  the  static  machine,  the  chief  point 
of  merit  of  the  static  machine  for  X-ray  work.  More- 
over and  more  important,  the  X-rays  emitted  were 
of  such  volume  and  their  effect  of  that  clearness  that 
exposures  were  made  in  half  the  former  time,  and  the 
sciagraphs  had  a clearness  of  detail  that  was  never  seen 
before. 

An  induction  coil  is  not  complete  nor  can  it  be  at 
any  time  so  highly  efficient  without  the  use  of  a con- 
denser around  the  break.  This  great  improvement  was 
made  by  Fizeau.  In  the  older  forms  the  Leyden  jar 
performed  the  function  of  the  condenser,  but  a Leyden 
jar  for  this  purpose,  to  have  any  considerable  capacity 
would  require  a large  amount  of  room  space.  It  be- 
came the  custom  to  make  the  appliance  by  building  up 
alternately  sheets  of  tinfoil  and  paraffined  paper  till  a 
pile  of  sufficient  capacity  had  been  obtained.  It  was 
then  known  as  the  condenser  and  occupied  a small 
amount  of  space. 

The  condenser  is  constructed  by  using  a large  number 
of  sheets  of  tinfoil  which  are  insulated  from  one  another 
by  some  dielectric  such  as  paraffined  paper  or  mica. 
Theoretically  the  thinner  the  dielectric,  its  insulative 
property  being  certain,  the  more  efficient  will  the  con- 
denser be.  The  author  prefers  the  mica  in  thin  sheets 
such  as  are  used  for  stove  wjndows  for  this  purpose,  for 
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the  reason  that  it  is  a good  dielectric  and  is  not  so  thick 
as  the  paraffined  papei\  The  condenser  is  built  up  in 
the  following  manner : The  mica  sheets  should  be 

about  three  and  a half  by  four  inches  and  for  a con- 
denser of  sufficient  capacity  for  a twelve-inch  coil  about 
ten  pounds  will  be  necessary.  The  tinfoil  can  he 
cheaply  obtained  of  a florist  and  this  is  cut  into  sheets 
two  and  three-fourths  by  four  inches.  A sheet  of  mica 
is  shellaced  on  one  side  and  a sheet  of  the  foil  is  placed 
upon  it  in  such  a position  that  there  will  be  a margin  of 
three-eighths  of  an  inch  at  all  the  edges  hut  one.  At 
this  one  it  will  extend  three-eighths  of  an  inch  beyond. 
When  all  the  mica  pieces  have  been  covered  in  this 
manner  they  are  to  be  assembled.  The  first  layer  of 
mica  and  tin  foil  is  shellaced  and  the  second  piece  of 
mica  and  tin  foil  is  carefully  placed  upon  it  hut  with 
the  projecting  end  of  foil  opposite  that  of  the  first  layer. 
This  is  shellaced  and  the  third  piece  of  mica  and  foil 
is  then  placed  in  position  with  its  free  end  of  foil  in  the 
same  direction  as  that  of  number  one.  When  about 
a hundred  of  these  have  been  properly  assembled  the 
even  numbers  of  foil  will  all  appear  at  one  end  of  the 
pile  and  the  odd  numbers  at  the  other.  The  pile  is 
then  of  convenient  size  for  handling  and  is  put  under 
a weight  and  the  foil  at  each  end  melted  into  a mass 
by  means  of  a soldering  iron.  Wires  are  then  attached 
to  the  two  ends,  and  after  the  shellac  is  dry  this  section 
is  complete. 

In  like  manner  the  rest  of  the  mica  and  foil  is  as- 
sembled and  when  all  are  complete  ihe  wires  of  one  side 
are  connected  to  one  binding  post  and  those  of  the  other 
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side  to  another  binding  post,  when  the  condenser  is 
complete.  Such  a condenser  will  have  a capacity  suf- 
ficient for  the  largest  coil  for  X-ray  work. 

The  condenser  serves  as  a reservoir  for  the  extra 
induced  current  in  the  primary  coils  by  virtue  of  the 
iron  core,  and  also  for  the  back  inductive  effect  of  the 
secondary  coil.  The  effect  of  these  influences  is  to  cre- 
ate a heavy  impulse  in  the  primary  coil  in  the  opposite 
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Fig.  186.— Diagram  of  Induction  Coil  and  Condenser. 

direction,  the  moment  the  current  is  broken  by  the 
vibrator.  This  lessens  the  strength  of  the  primary 
current  when  it  begins  to  flow  again,  and  the  two  op- 
posing forces  waste  their  energy  in  the  useless  and  de- 
structive sparking  at  the  contacts.  When  the  condenser 
is  employed  its  terminals  are  attached  one  on  each  side 
of  the  spark  gap  as  illustrated  in  Fig.  186,  the  effect  of 
which  as  previously  stated  is  to  form  a store  or  reser- 
voir for  the  momentary  congestion.  The  extra  current 
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rushes  into  the  condenser  charging  it  just  as  a Leyden 
jar  is  ordinarily  charged,  and  when  connection  is  made 
again  it  discharges  itself  in  the  same  direction  in  which 
the  current  is  going,  thus  augmenting  the  strength  of 
the  primary  current  as  well  as  reducing  the  spark  at  the 
contacts. 

The  General  Electric  Company  supplies  an  X-ray 


Fig.  187. — General,  Electric  Company’s  Coil. 


outfit  of  the  induction  coil  class  in  which  the  coil  is 
immersed  in  oil  for  insulation.  This  is  shown  in  Fig. 
187.  The  condenser  and  circuit  breaker  are  separately 
mounted.  The  condenser  is  enclosed  in  a box  on  the 
top  of  which  the  circuit  breaker  is  placed.  The  circuit 
breaker  is  unique  in  that  the  circuit  is  broken  under 
water  which  insures  quick  and  complete  elimination  of 
the  spark. 

The  third  method  employed  for  the  generation  of  cur- 
rent for  X-ray  work  is  the  Tesla  coil.  This  takes  its 
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name  from  its  inventor  who  has  made  sncli  brilliant 
experiments  with  high  frequency  currents.  This  ap- 
paratus produces  a current  of  a very  high  potential 
and  high  frequency.  It  consists  practically  of  two 
induction  coils  so  connected  that  the  secondary  of  the 
first  acts  as  the  primary  of  the  second  coil.  This  is 
diagrammatically  shown  in  Fig.  188.  The  first  pri- 


mary P,  of  the  best  proportioned  of  these  coils  and  the 
first  secondary  S,  are  not  of  such  wide  difference  in 
the  comparative  number  of  turns  as  in  ordinary  induc- 
tion coils.  They  are  usually  of  the  proportion  of  one  of 
the  primary  to  twenty-four  of  the  secondary.  The  first 
secondary  terminals  are  connected  on  one  side  to  the 
condenser  C,  and  the  second  primary  P',  and  on  the 
other  side  to  the  other  terminal  of  the  condenser  and  also 
to  a spark  gap.  The  second  secondary  S'  terminals 
lead  out  to  the  discharge  points. 


? 
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Fig.  188.— Tesla  Transformer. 
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In  order  to  secure  the  most  perfect  insulation  the  two 
coils  and  the  condenser  are  generally  encased  in  a box 
which  is  filled  with  boiled  linseed  oil.  Such  an  out- 
fit is  shown  in  Fig.  189. 


Fig.  189.  -Tesla  Transformer  in  Case. 

In  the  practical  operation  of  these  coils,  the  primary 
current  is  best  obtained  from  the  alternating  current  as 
commercially  supplied.  The  first  primary  is  wound  for 
fifty-two  or  one  hundred  and  four  volts,  so  that  no  extra 
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resistance  is  necessary ; and  if  the  manufacturer  has 
been  thoughtful  he  will  have  made  a connection  in  the 
middle  of  the  primary  coil,  so  that  by  connecting  thereto 
with  one  terminal  and  at  both  ends  with  the  other  ter- 
minal, the  halves  of  the  primary  coils  will  thus  be  in 
parallel  and  will  operate  on  fifty-two  volts.  Or  if  the 
connection  be  made  to  the  end  terminals  only,  the  coil 


Fig.  190.— Thomson  Transformer. 


will  have  the  proper  resistance  for  one  hundred  and 
four  volts. 

Perhaps  the  most  important  part  of  the  Tesla  appli- 
ance is  the  condenser.  The  function  of  the  first  induc- 
tion coil  or  transformer  as  it  is  sometimes  called,  is  to 
charge  the  condenser.  When  the  condenser  is  charged 
sufficiently  to  leap  the  spark  gap  a current  passes 
through  the  second  primary.  The  peculiarity  of  these 
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discharges  is  their  very  high  frequency  which  is  the 
essential  part  of  this  process  of  electrical  transforma- 
tion. Added  to  this  is  the  increased  voltage  by  virtue 
of  the  multiplying  effect  of  the  second  secondary  coil. 
We  thus  get  a current  of  exceedingly  high  frequency  of 
oscillation  and  of  high  voltage. 

The  efficiency  of  the  Tesla  transformer  depends 
largely  upon  the  sharpness  of  the  break  of  the  first 
secondary  current  at  the  spark-gap.  If  this  were  a 
drawn-out  arc  the  condenser  would  not  charge.  If, 
however,  a wheel  with  about  fifty  outstanding  teeth  upon 
its  periphery  be  revolved  at  a very  rapid  speed  past  a 
knob,  these  discharges  will  take  place  very  rapidly  and 
will  be  of  the  necessary  sharpness. 

The  General  Electric  Company  manufactures  a coil 
much  like  the  instrument  just  described.  This  as 
shown  in  Fig.  190  is  all  contained  in  a single  case.  The 
coils  are  immersed  in  oil  and  the  whole  set  within  a 
tray. 

The  relative  advantage  of  the  three  methods  of  excit- 
ing the  X-ray  tube  may  be  summed  up  as  follows : 

The  static  machine  gives,  in  general,  a clearer  defini- 
tion of  the  object  in  the  fluoroscope,  and  sciagraphs 
made  by  it  are  said  to  be  the  most  distinct.  This  is 
due  to  the  uni-direction  of  the  current.  The  static 
machine  is  also  less  liable  to  produce  a burn,  but  in  the 
present  light  on  this  subject  such  a thing  with  any  appli- 
ance would  be  due  to  carelessness  in  exposures  of  less 
than  ten  minutes  duration. 

The  objections  to  the  static  machine  are  mainly  its 
unreliability  and  bulk.  The  static  machine  is  easily 
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affected  by  the  temperature  and  the  humidity  of  the 
atmosphere.  Some  forms  of  the  machine  are  liable  to 
reverse  their  polarity,  and  this  sometimes  occurs  dur- 
ing the  use  of  the  tube.  It  cannot  for  these  reasons  be 
relied  upon  to  give  the  same  results  in  each  case,  the 
subject  and  the  length  of  exposure  being  the  same. 

The  Khumkorff  coil  has  features  of  advantage  which 
recommend  it  especially  for  the  dentist’s  use.  Its  ab- 
solute reliability  and  its  uniform  behavior  are  the  chief 
points  of  advantage.  It  is  not  affected  by  climatic 
changes,  its  output  can  be  regulated  and  controlled  to 
the  finest  degree,  and  it  requires  the  least  amount  of 
room  space  for  its  accommodation.  These  are  features 
of  considerable  importance.  Moreover,  heavy  currents 
for  certain  kinds  of  work  can  be  best  obtained  from  this 
coil. 

The  objections  to  the  Miumkorff  coil  are  principally 
that  the  definition  is  not  quite  so  clear  as  with  the  static 
machine,  and  that  it  is  liable  to  burn  the  patient.  If, 
however,  a wheel  is  employed  for  interrupting  the  cur- 
rent as  employed  by  the  author  and  previously  de- 
scribed, the  definition  will  be  equal  to  the  best  static 
machine;  and  the  burns  may  be  avoided  by  the  simple 
placing  of  a foil-coated  sheet  of  paper  between  the  tube 
and  the  patient  with  the  foil  coating  grounded  by  a fine 
wire  connected  to  the  nearest  gas  or  water  pipe. 

The  Tesla  coil  is  the  least  valuable  and  the  least  cer- 
tain of  all  for  practical  use  unless  used  on  the  alternat- 
ing current.  Any  attempt  to  use  it  upon  the  constant 
current  will  be  more  or  less  a failure.  When  properly 
used  this  instrument  is  capable  of  producing  very  bril- 
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liant  electrical  effects  and  most  powerful  currents  for 
X-ray  work,  but  tlie  erratic  behavior  of  both  the  coil  and 
tubes  are  serious  objections  to  this  form  of  appliance. 
Moreover,  the  puncturing  of  the  tubes  so  frequent  with 
the  use  of  this  coil  is  a great  objection.  It  was  not  till 
some  half  dozen  tubes  had  been  ruined  by  the  author 
that  he  was  able  to  manage  them  properly,  and  even 
now  the  full  power  of  this  coil  is  never  employed  for 
fear  of  puncturing  a tube.  Dr.  C.  E.  Kells  has  recom- 
mended the  grounding  of  a wire  brought  in  close  prox- 
imity to  one  end  of  the  tube  as  a prevention  of  puncture, 
but  as  this  acts  by  diverting  energy  from  the  tube  it  is 
to  that  extent  a serious  loss.  Another  objection  to  the 
Tesla  coil  is  the  necessary  amount  of  noise  during  its 
operation ; the  sparking  of  some  forms  of  the  appli- 
ance is  sufficient  to  frighten  the  bravest  patient. 

All  things  considered  and  at  the  present  state  of  per- 
fection of  X-ray  appliances,  the  dentist  will  obtain  the 
most  satisfactory  results  from  a Rhumkorff  coil.  It  is 
also  recommended  that  he  get  one  large  enough  for  gen- 
eral work.  The  city  dentist  who  is  in  touch  with  the 
general  physician  or  with  some  established  X-ray  labor- 
atory will  be  most  practically  profited  by  the  use  of  an 
eight  or  ten  inch  coil,  but  if  he  expects  to  derive  the 
most  pleasure  and  benefit  from  the  work  he  should  get 
a twelve  or  fifteen  inch  coil,  for  then  he  will  be  able  to 
manage  all  parts  of  the  body.  For  the  country  dentist 
the  larger  coil  is  especially  recommended,  for  the  reason 
that  the  electrical  part  of  his  dental  office  appliances  will 
already  form  a large  part  of  his  equipment  and  many 
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physicians  will  prefer  to  avail  themselves  of  its  use 
rather  than  to  take  up  the  work  themselves. 

It  is  customary  in  taking  a radiograph,  as  the  X-ray 
picture  is  some-times  called,  to  use  a plate  for  large  sub- 
jects and  a film  for  the  smaller.  For  dental  operations 
the  film  has  especial  advantages : it  is  cheap,  convenient 
to  handle,  easy  to  prepare,  and  is  flexible.  A cartridge 
of  one  and  one-half  inch  film  such  as  is  used  in  the 
“Brownie”  camera  will  be  found  to  be  the  most  econom- 
ical, and  this  can  be  had  at  all  photographic  supply 
houses.  The  width  of  this  film  is  the  most  convenient ; 
the  average  dental  case  can  be  taken  upon  a square  cut 
from  the  end,  and  if  the  case  calls  for  a larger  piece, 
it  is  only  necessary  to  cut  off  an  oblong  piece  sufficient 
for  the  case  and  place  the  strip  lengthwise. 

The  plates  to  be  used  for  larger  subjects  may  be 
found  upon  the  market.  When  necessary,  ordinary 
photographic  plates  may  be  used  for  X-ray  work  with 
splendid  results,  but  plates  especially  prepared  for 
X-  ray  pictures  such  as  the  Cramer  or  the  Carbutt  are 
recommended.  These  plates  are  supplied  either  in,  or 
with,  light-proof  envelopes.  The  author  has  found  the 
Cramer  Crown  brand  of  plates  to  give  results  almost  as 
good  as  the  specially  prepared  plate  for  X-ray  work. 
Plates  which  are  prepared  particularly  for  X-ray  pur- 
poses usually  have  two  or  more  coatings.  The  finest 
details  in  X-ray  pictures  are  obtained  by  the  use  of 
multi-coated  plates.  These  take  longer  to  develop  and 
fix  but  in  so  doing  the  operator  is  repaid  by  the  better 
results. 

Tbe  next  step  is  the  providing  of  a light-proof  and  to 
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a certain  extent  moisture-proof  covering  for  the  film. 
If  the  dentist  has  a good  coil  and  becomes  expert  in 
the  management  of  his  appliance,  he  will  require  but 
a few  seconds  for  an  exposure  and  his  film  may  he  en- 
closed in  two  thicknesses  of  black  paper  without  danger 
of  light  or  moisture.  The  film  is  placed  sensitive  side 
down  upon  a piece  of  paper  three  by  four  inches  and 
the  edges  all  turned  over  upon  the  back  of  the  film.  This 
is  then  placed  upon  another  piece  of  the  paper  somewhat 
larger  than  the  first  and  enclosed  in  the  same  manner. 
A-  little  gummed  paper  Avill  prevent  the  flaps  from 
opening.  The  film  thus  enclosed  is  flexible  and  neat, 
and  can  be  easily  adapted  to  any  part  of  the  mouth. 

If  the  dentist  requires  a considerable  length  of  time 
for  an  exposure,  he  may  enclose  his  film  in  black  un- 
vulcanized rubber  as  suggested  by  Doctors  Van  Woert 
and  Price.  The  film  should  first  be  covered  with  an 
envelope  of  tissue  paper  to  prevent  adhesion  of  the  rub- 
ber to  the  film  and  also  any  injurious  effects  of  the 
rubber  upon  the  film.  The  black  rubber  being  quite 
flexible  and  adhesive,  a piece  is  cut  twice  as  large  as  the 
film.  The  film  is  placed  upon  one  half  and  the  other 
half  is  turned  over  upon  it.  and  the  edges  pinched  to- 
gether. This  makes  a light  and  moisture-proof  cover- 
ing, and  a film  protected  in  this  manner  may  be  im- 
mersed in  the  saliva  without  danger  of  injury  there- 
from. 

Dr.  C.  E.  Kells  has  suggested  the  use  of  a little  plate 
holder.  This  is  made  bv  first  taking  a modelling  com- 
pound impression  of  the  coronal  and  lingual  aspect  of 
the  teeth  to  bo  skiagraphed.  A piece  of  twenty-eight 
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gauge  aluminum  is  attached,  to  the  inner  side  of  the 
compound,  and  to  this  the  piece  of  film  protected  as  pre- 
viously described  is  attached  by  little  clips.  The  whole 
is  then  placed  upon  the  teeth  and  the  patient  instructed 
to  close  the  mouth.  There  are  two  advantages  in  this 
method : It  leaves  the  operator  free  to  manipulate  the 

instrument  and  the  film  can  he  held  more  quietly.  This 
method  is  especially  valuable  where,  by  the  nature  of 
things,  from  thirty  to  ninety  seconds  are  required  for  a 
dental  skiagraph,  but  when  a large  and  efficient  coil  and 
tube  are  employed  and  but  from  three  to  ten  seconds 
are  necessary  the  film  can  be  held  quiet  for  that  length 
of  time  by  the  assistant. 

The  film  having  been  prepared,  the  patient  is  com- 
fortably seated  in  an  ordinary  chair  with  a portable 
head-rest  upon  the  back.  An  ordinary  chair  will  be 
found  most  convenient,  for  the  reason  that  in  taking  skia- 
graphs of  the  upper  jaw  it  is  necessary  to  place  the  tube 
well  above  the  patient  to  have  the  rays  strike  the  plate 
perpendicularly  and  to  get  the  teeth  with  the  least  distor- 
tion. For  the  lower  teeth  it  is  only  necessary  to  rest 
the  head  well  back  in  the  head-rest.  In  making  these 
adjustments  the  aim  should  be  to  seat  the  patient  in  such 
a position  that  the  film  when  in  place  will  face  the  tube 
so  that  the  rays  will  be  received  perpendicularly  thereon. 
It  should  be  borne  in  mind  that  clearness  of  definition 
and  correct  proportions  are  lost  if  the  plate  is  not  at 
right  angles  with  the  tube. 

While  there  is  very  little  danger  of  producing  a burn 
upon  a patient  in  taking  a dental  radiograph  owing 
to  the  shortness  of  exposure,  the  tube  should  nevertheless 
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be  placed  at  least  twelve  inches  from  the  surface  of  the 
face.  Although  the  time  of  the  exposure  is  lengthened 
by  increasing  the  distance  between  the  tube  and  the  film, 
even  fifteen  inches  would  not  be  too  far,  and  with  an 
efficient  instrument  it  should  never  be  less  than  that.  It 
shoidd  be  borne  in  mind  that  the  rays  emanate  from  a 
very  small  surface  and  proceed  outward  in  straight  but 
diverging  lines,  and  the  farther  the  object  is  stationed 
from  the  target  as  the  point  of  emanation  is  sometimes 
called,  the  more  nearly  parallel  will  the  rays  be.  Every 
radiograph  is  larger  than  the  original,  but  this  disparity 
becomes  less  by  placing  the  object  at  a distance  from  the 
tube.  Nor  are  these  the  only  advantages  to  be  derived 
from  operating  at  a distance  from  the  tube.  The  pa- 
tient, always  a little  timid  at  first,  feels  more  secure  at 
a greater  distance  and  the  operator  has  more  room  for 
manipulation.  While  a greater  distance  requires  more 
time,  the  dental  operations  naturally  require  so  little 
that  this  may  be  doubled  and  yet  not  be  too  long.  The 
increase  of  distance  is  also  compensated  for  in  another 
way ; while  it  may  take  a longer  time,  any  movement, 
of  the  patient  is  not  so  largely  magnified  as  it  would  be 
if  the  distance  were  less.  It  may  be  roughly  stated 
that  the  time  required  is  proportionate  to  the  square  of 
the  distance  from  the  tube.  The  author  has  found  that 
in  practice  the  dentist  may  estimate  the  length  of  time 
in  the  following  manner:  If  by  experiment  he  finds 

that  with  a certain  condition  of  tube  it  i*equires  fif- 
teen seconds  at  twelve  inches  from  the  tube,  he  will 
find  that  to  get  the  same  result  twenty-four  inches  from 
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Fig.  191.— Odontome  and 
Abscess. 


Fig.  193.— Absence  of  Second 
Bicuspid  and  Retained  Temporary 
Molar. 


Fig.  195.— Showing  Movement  of  the 
Teeth  following  Extraction. 


Fig.  192.— Temporary  and  Per- 
manent Incisors  in  Situ. 


Fig.  191.— Broach  Extending 
through  Root  of  Cuspid  into  thb 
Nasal  Cavity. 


Fig.  190.— Outline  of  the  Antrum* 
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the  tube,  about  one  minute  will  be  required  and  all 
intervening  distances  in  a proportionate  length  of  time. 

It  will  be  found  in  practice  that  about  fifteen  inches 
from  the  target  is  the  proper  distance  and  having  once 
established  a distance  it  should  be  kept  as  nearly  as 
possible  thereafter.  There  are  so  many  variable  con- 
ditions in  the  taking  of  a skiagraph,  that  those  which 
can  be  fixed  should  be  so. 

When  the  distance  has  been  settled  upon,  the  dentist 
in  determining  the  length  of  time  has  then  to  deal  with 
but  two  variable  conditions,  the  thickness  of  tissue  and 
the  condition  of  the  tube.  The  thickness  of  tissue  in 
dental  cases  does  not  vary  as  in  general  practice,  and 
it  is  an  easy  matter  to  roughly  estimate  this  factor. 
The  following  scale  of  the  proportionate  length  of  time 
as  to  the  thickness  of  tissue  may  be  established : If  it 
is  found  that  five  seconds  with  a certain  condition  of 
tube  will  give  a clear  skiagraph  of  the  lower  incisors,  it 
will  require  about  eight  seconds  for  the  molars  of  the 
lower  jaw  and  about  fifteen  seconds  for  the  antral  region 
of  the  upper,  and  all  the  other  parts  at  proportionate 
lengths  of  time. 

The  condition  of  the  tube  has  much  to  do  with  the 
length  of  time  for  an  exposure.  It  will  be  found  that 
the  tube  does  not  always  begin  at  its  highest  efficiency, 
and  it  is  this  factor  which  is  most  variable  and  which 
will  require  the  most  careful  consideration  in  timing 
the  exposure.  This  cannot  be  determined  by  any  stand- 
ard, and  the  operator’s  skill,  judgment,  and  experience 
are  alone  to  be  relied  upon.  During  long  exposures  upon 
the  thicker  parts,  the  physician  has  an  opportunity  to 
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watch  the  tube  through  the  fluoroscope  and  to  judge  as 
to  the  length  of  time,  but  the  dentist,  owing  to  the  short 
time  of  the  most  of  his  exposures,  must  base  his  calcu- 
lations upon  the  fluorescent  appearance  of  the  tube  it- 
self. For  this  reason  it  should  be  incidentally  men- 
tioned that  darkening  the  room  somewhat  during  the 
exposure  will  aid  the  dentist  in  judging  of  the  working 
of  the  tube. 

It  should  not  be  understood  from  what  has  just  been 
said  that  the  length  of  time  in  all  X-ray  work  depends 
upon  the  two  factors,  thickness  or  density  of  tissue  and 
the  condition  of  the  tube,  for  that  is  not  the  case.  They 
are  the  ones,  however,  that  are  the  chief  factors  in  prac- 
tical work.  A more  important  consideration  which  de- 
termines the  length  of  X-ray  exposures  is  the  instru- 
ment which  is  used  for  energizing  the  tube.  However, 
when  an  operator  confines  his  work  to  the  use  of  hut 
one  form  of  energizing  appliance,  then  this  part  of  his 
calculations  having  been  once  made  may  be  xised  prac- 
tically as  a fixed  factor  thereafter.  This  is  especially 
true  of  the  Rhumkorff  coil  when  used  to  energize  the 
tube.  Although  the  output  of  the  static  machine  may 
be  modified  somewhat  by  atmospheric  conditions  and 
the  Tesla  coil  may  indulge  in  an  erratic  performance, 
their  characteristic  lighting  of  the  tube  will  prevail 
throughout  the  operation  of  the  same.  In  a general 
way  it  may  be  stated  that  at  the  present  state  of  per- 
fection of  X-ray  appliances,  the  static  machine  requires 
three  times  as  long  and  the  Tesla  coil  twice  as  long  a 
time  as  a Rhumkorff  coil  to  produce  the  same  effect 
upon  a photographic  plate.  This  comparison  is  based 
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upon  appliances  of  the  average  capacity  of  its  type  of 
instrument.  It  is  a well  known  fact  that  the  best  static 
machines  do  not  give  the  volume  of  current  that  is  pro- 
duced by  even  a small  Rhumkorff  coil.  They  produce 
.X-rays  in  the  tube  but  not  of  sufficient  volume  to  cause 
.a  marked  effect  in  the  length  of  time  of  the  exposure. 
After  a little  experience  the  operator  becomes  familiar 
with  these  qualities  of  his  generating  appliance  and  by 
force  of  habit  goes  at  once  into  the  detail  of  the  expos- 
ure, paying  attention  only  to  the  thickness  and  density 
of  tissue  and  the  working  of  the  tube. 

The  tube  varies  at  different  times,  not  only  as  to  the 
volume  of  X-rays  given  off,  but  as  to  the  condition  of 
the  vacuum.  The  length  of  the  exposure,  all  other 
things  being  equal,  has  to  do  with  the  clearness  of  the 
picture,  but  the  variation  in  the  vacuum  of  the  tube 
has  to  do  with  the  contrast  between  the  tissues  of  differ- 
ent density.  The  effect  of  tubes  of  different  vacua  is 
a most  important  consideration  in  X-ray  work,  for  upon 
this  depends  almost  entirely  the  securing  of  a good  pic- 
ture which  will  show  the  object  or  condition  most 
clearly.  A tube,  for  instance,  which  would  best  show 
a broken  broach  will  give  but  an  indistinct  outline  of 
the  pulp  canal  or  an  abscess.  X-ray  tubes  have  there- 
fore been  classified  according  to  the  condition  of  their 
vacua  into  “soft,”  “medium,”  and  “hard”  tubes.  The 
soft  tube,  if  used  in  looking  at  the  hand  through  the 
fiuoroscope  will  show  a dark  outline  of  the  whole  hand 
;and  only  by  close  inspection  can  the  bones  be  distin- 
guished. This  is  represented  by  an  external  shunt 
spark  of  about  two  and  one  half  inches.  The  medium 
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Fig.  197.— Low  Vacuum,  showing  Flesh  and  Bone  ok  Child's  Hand. 
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vacuum  is  one,  vliicli  if  observed  in  the  same  way  will 
show  the  hones  with  the  strongest  contrast  if  compared 
with  the  flesh.  They  appear  black  and  on  inspection 
their  minute  structure  can  he  very  easily  seen  and 
studied.  The  hard  tube  is  one  which  will  show  the 
outline  of  the  flesh  and  the  hones  within,  but  there  is 
not  that  contrast  between  the  two  that  was  seen  in  the 
medium  tube.  The  light  seems  to  penetrate  the  two 
almost  alike  and  because  of  the  loss  of  contrast,  the 
minute  structure  of  the  bone  cannot  be  traced  in  its 
finer  details  as  could  be  done  with  the  medium  vacuum. 

The  rays  emanating  from  a soft  tube  have  little  pene- 
trative power,  whereas  the  rays  from  a hard  tube  have 
high  penetrative  power.  For  this  reason  the  rays  of 
the  soft  tube  are  affected  by  the  least  variation  of  the 
density  of  the  softer  tissues  while  those  of  the  hard 
tube  pass  through  all  tissues  with  but  slight  change. 
It  should  be  borne  in  mind  that  a photographic  plate 
is  more  sensitive  than  the  eye,  so  that  in  the  taking  of 
a skiagraph  the  vacuum  should  be  much  lower  than 
would  be  necessary  for  the  eye,  and  it  is  for  this  reason 
that  a lower  vacuum  is  employed  for  photography  than 
for  viewing  the  object  through  the  fluoroscope.  The 
vacuum,  however,  must  be  high  enough  in  all  cases  for 
the  rays  to  penetrate  the  subject.  For  this  reason,  also, 
it  will  be  found  that  the  degree  of  vacuum  should  vary 
somewhat  in  proportion  to  the  thickness  of  tissue  to  be 
skiagraphed.  It  will  require  a little  higher  vacuum 
for  the  arm  than  for  the  hand,  and  a still  higher  vacuum 
for  the  pelvis.  There  is  not  only  this  rising  scale  of 
vacuum  with  increase  of  density  and  thickness  which 
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Fig.  198.— Medium  Vacuum,  showing  Contrast  between  Flesh  and 
Bone,  also  a Broken  Needle. 
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must  be  considered  in  the  taking  of  every  skiagraph,  but 
the  more  important  consideration  of  the  proper  vacuum 
for  showing  the  object  or  tissue  at  its  best  advantage. 
The  two  must  be  considered  together  in  calculating  for 
the  exposure.  The  physician  is  constantly  dealing  with 
tissues  of  a wide  range  of  thickness  and  density,  and  only 
by  constant  practice  is  he  able  to  successfully  take  every 
subject.  While  the  dentist  is  more  fortunate  in  this 
regard  because  his  dental  cases  are  nearly  all  of  the  same 
thickness  and  density,  he,  however,  has  a range  of  sub- 
jects which  call  for  just  as  fine  vacuum  calculations. 
The  degree  of  penetration  necessary  in  dental  cases  is 
about  equal  to  that  met  with  by  the  physician  in  the 
case  of  the  hand,  so  that  having  once  found  the  proper 
vacuum  for  the  average  dental  cases  he  has  only  to  vary 
that  slightly  to  get  contrast  or  penetration.  The  aver- 
age condition  of  vacuum  necessary  for  dental  cases  will 
be  found  in  a soft  tube  and  at  no  time  a higher  vacuum 
than  a medium  tube. 

There  is  a great  variety  of  X-ray  tubes  upon  the  mar- 
ket and  these  are  divided  into  two  classes,  namely,  those 
with  vacuum  regulators  and  those  without.  The  begin- 
ner, owing  to  the  many  details  to  be  learned,  should  con- 
fine himself  to  the  use  of  the  latter  class  for  here  he  is 
dealing  with  a fixed  vacuum  and  that  feature  of  his 
calculations  iriav  be  omitted  for  the  time  being  to  be 
taken  up  later  on  when  he  is  better  prepared.  The  den- 
tist should  begin  with  two  tubes,  one  of  a soft  and  the 
other  of  a medium  vacuum.  These  tubes  are  not  only 
cheaper  but  they  will  later  on  be  useful  to  him  in  another 
way,  for  in  the  course  of  time  as  their  vacua  rise  by 
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Fig.  199.— a.  W.  L.  Tube  with  Vacuum  Regulato!!, 
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use,  these  tubes  can  be  used  for  fluoroscopic  examina- 
tions and  for  work  upon  the  thicker  parts.  Another 
and  very  important  reason  for  using  a tube  with  a fixed 
vacuum  for  dental  purposes  is  because  of  the  very  short 
time  required  in  these  cases.  All  tubes  with  regulating 
devices  are  at  a normally  high  vacuum,  and  it  takes  a 
few  moments  of  time  to  “work”  them  down ; so  that  in 
practice  it  will  be  found  that  by  the  time  the  tube  has 
been  brought  down  to  a condition  of  vacuum  suitable 
for  a dental  case  the  film  has  been  exposed  long  enough 
and  it  will  be  a chance  result  if  the  skiagraph  is  a good 
one.  After  the  dentist  has  learned  how  to  manage  the 
tubes  with  vacuum  regulators,  he  may  be  able  to  get  the 
tube  in  condition  and  dexterously  adjust  the  patient  and 
film  and  use  the  tube  before  the  vacuum  rises,  but  this 
can  never  be  as  satisfactory  as  a tube  with  a fixed 
vacuum  and  in  condition  for  immediate  use. 

Several  methods  have  been  devised  for  regulating  the 
vacuum  of  X-ray  tubes.  One  firm  lowers  the  vacuum 
by  introducing  hydrogen  intermolecularlv  into  the  bulb 
through  a platinum  tube  sealed  in  one  end.  This  form 
of  regulator  is  shown  in  Fig.  199.  Upon  heating  the 
platinum  by  either  a flame  or  an  electric  current,  hydro- 
gen passes  into  the  tube  thus  lowering  the  vacuum. 

The  most  successful  and  practical  method  of  regulat- 
ing the  vacuum  is  bv  means  of  the  potash  bulb.  Queen 
& Company  has  upon  the  market  one  of  the  most  satis- 
factory instruments  of  this  kind.  This  is  shown  in 
Fig.  200.  The  main  bulb  has  a small  stem  projecting 
therefrom.  This  stem  contains  a chemical  which  upon 
being  heated  by  the  passage  of  a current  through  an 
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Fig.  200.— Queen  Self- Regulating  Tube. 
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auxiliary  bulb  which  surrounds  the  one  containing  the 
chemical,  causes  it  to  vaporize  and  this  vapor  passing 
into  the  main  bulb  lowers  the  vacuum.  The  chem- 
ical is  reabsorbed  upon  cooling.  This  tube  has  been 
termed  a self-regulating  tube,  because  of  the  automatic 
adjustment  that  keeps  up  during  its  operation.  A long 
finger  pivoted  upon  the  end  of  the  regulating  bulb  can 
be  brought  within  sparking  distance  of  the  cathode 
terminal  outside  of  the  tube.  This  distance  as  experi- 
ence teaches  will  be  proportionate  to  the  degree  of 
vacuum.  A close  adjustment  will  start  and  main- 
tain a low  vacuum  while  a Avide  adjustment  will  pro- 
duce a high  vacuum.  The  tube  having  been  started 
at  the  required  vacuum,  it  will  be  observed  that  there  is 
a continual  balancing  of  the  resistance  of  the  tube  and 
the  auxiliary  path  through  the  regulating  bulb.  When 
the  vacuum  rises  as  it  naturally  does  during  the  action 
of  the  tube,  unless  so  much  current  passes  as  to  vaporize 
the  electrodes  and  loAver  it  in  that  manner,  the  current 
will  take  the  path  of  less  resistance  through  the  auxil- 
iary bulb.  This  will  then  vaporize  sufficient  of  the 
chemical  to  loAver  the  vacuum  of  the  main  bulb  till  it 
balances  the  resistance  of  the  regulating  circuit.  This 
bulb  with  its  regulating  circuit  acts  much  like  a pair  of 
scales.  The  degree  of  vacuum  having  been  determined 
upon  by  the  distance  of  the  spark-gap,  if  the  vacuum 
rises,  that  side  of  the  scales  becomes  lighter  and  the 
chemical  bulb  upon  the  heavier  side  imparts  its  vapor 
to  the  lighter  side  till  a balance  has  been  reestablished. 
This  balancing  is  constantly  going  on  and  is  so  accurate 
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and  at  the  same  time  so  delicate  that  the  change  of  vac- 
uum can  scarcely  be  detected  in  the  fluoroscope. 

The  method  of  vacuum  regulation  as  employed  by  the' 
General  Electric  Company  in  its  tubes  is  similar  in 
action  to  the  tube  just  mentioned,  hut  has  not  the  detail 
of  construction  which  makes  it  a self-regulating  tube. 
The  chemical  bulb  is  to  be  operated  by  the  current  pass- 
ing through  it  and  not  by  the  heat  of  the  current  pass- 
ing around  it  as  with  the  Queen  tube.  For  this  reason 
it  is  not  possible  to  make  the  regulating  current  a true 
shunt  to  the  bulb  and  therefore  a self-regulating  tube. 


Fig.  231. -General  Electric  Company’s  Tube  with  Vacuum  Regulator. 


The  regulation  of  the  vacuum  can,  however,  be  accom- 
plished by  hand  in  a very  satisfactory  manner,  but  in 
long  operations  requires  constant  watching.  In  order 
to  simplify  the  regulation  of  this  tube  as  much  as  pos- 
sible, the  author  made  an  independent  spark  gap  for  his 
coil  so  that  by  the  simple  throwing  of  two  points  to- 
gether the  vacuum  would  be  lowered.  This  device  is 
also  useful  for  other  tubes  and  can  be  used  with  the 
Queen  tube  thus  enabling  the  operator  to  manipulate 
the  spark  gap  of  the  tube  without  jarring  the  same.  A 
diagram  of  this  is  shown  in  Fig.  202. 
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An  auxiliary  set  of  spark-gap  posts  was  adjusted  u]K>n 
the  base  of  the  coil  about  five  inches  from  the  main  posts. 
The  negative  wire  runs  through  the  two  posts  at  the  end 
of  the  coil  in  series.  The  positive  end  is  connected  in 
the  usual  manner,  and  a wire  connects  the  regulating 
stem  of  the  tube  with  the  other  spark-gap  post.  By  this 
device  the  operator  by  means  of  the  second  lever  can 
in  a moment’s  time  reduce  the  vacuum  to  the  desired  de- 


Fio.  202.— Author’s  Device  for  Operating  Vacuum  Regulators. 


gree  without  any  difficulty  whatever  and  without  any 
danger  of  going  too  far.  If,  during  the  running  of  the 
tube  the  vacuum  rises,  depression  of  the  auxiliary  lever 
will  send  a stream  of  sparks  through  the  regulating- 
stein  which  will  lower  the  vacuum. 

The  definition  of  a radiograph  is  largely  due  to  the 
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small  area  of  the  target.  The  smaller  the  target,  the 
clearer  will  the  radiograph  be  defined.  With  this  ob- 
ject in  view,  many  attempts  have  been  made  to  use  as 
small  a target  as  possible  and  provide  means  for  meeting 
the  heat  problem.  The  target  becomes  heated  by  the  im- 
pact of  the  rays  thereon  to  an  extent  that  is  proportion- 
ate to  the  volume  of  X-rays.  In  efficient  tubes  and 
coils  the  aim  is,  therefore,  to  use  a heavy  current  upon 
as  small  a target  as  possible.  Platinum  is  used  in  most 
tubes  for  target  material  because  of  its  high  fusing 
point,  and  even  this  is  melted  at  times  by  an  excess  of 
current.  An  English  tube  has  a target  of  osmium- 
iridium  which  has  a much  higher  fusing  point  than  pure 
platinum.  This  is  practically  infusible  when  used  for 
target  purposes.  The  alloy  is  found  in  nugget  form  and 
is  held  in  a platinum  matrix  much  like  the  setting  of 
a diamond.  The  focus  of  the  cathode  disc  is  so  well 
adjusted  that  the  rays  strike  this  nugget  in  an  area 
scarcely  larger  than  the  head  of  a pin.  This  tube  gives 
the  best  definition  that  has  come  within  the  experience 
of  the  author. 

The  firm  of  Gelling  & TIeinze  has  a tube  upon  the 
market  as  shown  in  Fig.  203,  which  has  a very  small 
target.  A target  of  the  same  area  with  a current  of 
even  moderate  amperage  would  become  very  hot.  The 
makers  have  provided  against  this  by  mounting  the  tar- 
get upon  the  end  of  a platinum  pipe  through  which  a 
stream  of  water  is  kept  flowing  during  the  operation  of 
the  tube.  In  this  manner  almost  any  volume  of  current 
may  be  used  and  at  the  same  time  the  target  is  not  in- 
jured thereby. 
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Fig.  203.— A.  W.  L.  Tube  with  Cooled  Target. 
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When  an  alternating  current  is  employed  for  ener- 
gizing the  X-ray  tube  a special  design  of  tube  and  tar- 
get is  necessary  for  the  highest  efficiency.  The  current 
being  alternating,  if  an  ordinary  tube  and  target  is  em- 
ployed there  will  be  a loss  of  half  the  X-rays.  To 
meet  this  problem  a double  target  was  therefore  de- 
signed. This  as  seen  in  Fig.  204  has  two  leaves  of 
platinum  at  right  angles  to  one  another  forming  a wedge, 
and  the  whole  is  so  poised  with  reference  to  the  ca- 
thodal discs  as  to  bring  each  leaf  at  an  angle  of  forty-five 
degrees  thereto.  By  this  design  and  arrangement  of 
the  target  all  the  rays  are  utilized  and  are  projected 
in  the  same  direction. 

In  making  the  connections  for  an  X-ray  tube,  care 
should  be  observed  that  the  platinum  loops  are  not  bent 
or  broken,  and  for  this  purpose  ordinary  fine  lead  wire 
such  as  is  used  for  fuse  purposes  has  been  recommended. 
This  wire  is  soft  and  can  easily  be  fastened  to  the  plati- 
num loops  without  any  danger  to  the  latter. 

The  blackening  of  tubes  which  comes  from  extensive 
use  can  be  prevented  to  some  extent  by  introducing  two 
small  spark  gaps  one  in  each  of  the  two  wires  connect- 
ing to  the  tube  proper.  A neat  spark  gap  can  be  easily 
made  by  using  a three-inch  piece  of  glass  tubing  such 
as  is  used  for  water  gauge  purposes,  and  enclosing  the 
ends  with  metallic  thimbles  through  which  project  two 
points  about  three-quarters  of  an  inch  in  length.  This 
leaves  a spark  gap  of  about  an  inch  and  a half  in  length 
on  either  side  of  the  tube.  These  gaps  should  be 
permanently  attached  to  the  tops  of  the  main  spark-gap 
posts  and  the  lead  wire  from  the  tube  attached  to  their 
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outer  ends.  When  these  spark  gaps  are  in  place,  the 
current  passes  through  them  in  going  to  and  returning 
from  the  tube,  and  their  total  length  of  spark  should 
be  subtracted  from  that  produced  by  the  main  spark  gap, 
when  measuring  the  parallel  spark  which  about  equals 
the  resistance  of  the  tube. 

During  the  first  years  following  the  discovery  of  the 
X-ray,  many  people  were  burned  during  the  exposures. 
This  trouble  did  not  appear  until  some  two  or  three 
weeks  following.  Many  things  had  to  be  learned  both 
as  to  the  nature  of  the  X-ray  and  the  details  of 
manipulation.  It  is  not  the  X-ray  itself  that  causes 
the  burn,  but  electric  conditions  surrounding  the  tube. 
The  methods  of  exposing  have  changed,  the  instru- 
ments have  been  improved,  and  preventives  have  been 
found  for  this  trouble.  If  the  exposures  are  long  ones 
and  for  certain  reasons  are  to  be  repeated,  it  is  found 
to  be  a safe  procedure  to  allow  about  three  weeks  to 
lapse  between  exposures  in  order  that  the  effect  may 
pass  away.  The  efficiency  of  the  instruments  has  also 
been  so  much  improved  that  the  length  of  time  has 
been  materially  lessened.  As  preventives  of  the  burn- 
ing effect,  a covering  of  vaseline  or  any  thick  oil  upon 
the  part  exposed  has  been  recommended  and  success- 
fully used;  or  a sheet,  of  pasteboard  covered  with 
aluminum  foil  and  grounded,  if  placed  between  the 
patient  and  the  tube,  will  carry  off  this  current.  The 
latter  method  is  more  convenient  and  most  generally 
used.  The  patient  may  also  be  protected  by  a sheet 
of  rubber.  While  the  agents  just  mentioned  are  to 
be  interposed  between  the  tube  and  the  patient,  they 
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Focus  Tube  for  Alternating  Current. 


Fig.  204.— Thomson  Double 
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do  not  materially  effect  the  strength  of  the  X-ray.  Dr. 
Kinraide,  supposing  the  X-ray  dermatitis  to  be  due  to 
the  formation  of  nitrous  acid  in  the  tissues,  recom- 
mends the  immediate  washing  of  the  field  of  exposure 
with  a strong  solution  of  bicarbonate  of  soda  or  any 
alkaline  wash. 

The  film  or  plate  having  been  exposed,  the  next  step 
is  its  development.  For  this  purpose  a dark-room  is 
necessary.  This  need  not  be  very  large  but  it  must  be 
perfectly  dark  and  have  running  water  or  a large  vessel 
from  which  a small  stream  can  be  drawn.  The  dark- 
room for  X-ray  work  must  be  somewhat  darker  than 
for  general  photographic  purposes.  The  developing 
light  should  have  at  least  two  plates  of  red  and  one  of 
•orange-colored  glass,  and  to  get  the  best  effect  the  plates 
should  not  be  continually  exposed  to  this  light  during 
development.  The  plate  can  be  held  above  the  light 
and  occasionally  lowered  to  see  how  the  development  is 
progressing. 

There  are  two  steps  in  the  development  of  a negative, 
the  developing  and  the  fixing,  and  for  this  reason  two 
sets  of  trays  of  different  material  should  be  employed, 
one  set  for  the  developer  and  the  other  for  the  fixing 
solutions.  The  greatest  care  must  always  be  observed 
that  these  trays  are  kept  clean  and  free  from  other 
•chemicals,  for  the  least  trace  of  hyposulphite  of  sodium, 
or  “hypo”  as  the  fixing  solution  is  commonly  called,  in 
the  developer  will  spoil  the  effect.  For  the  development 
of  dental  films  the  author  uses  an  ordinary  porcelain 
teacup.  Tt  will  be  found  that  the  film  is  too  small  to 
handle  conveniently  without  destroying  the  edges  in  its 
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manipulation,  if  an  attempt  is  made  to  keep  it  straight. 
Enough  developer  is  prepared  to  more  than  cover  the 
film  and  this  is  continually  shaken  during  the  develop- 
ment. Occasionally  the  film  is  taken  out  and  examined 
to  see  how  the  development  is  progressing. 

There  are  a great  many  formulas  for  the  developing 
solution.  One  of  the  most  popular  developers  is  Rodinol. 
This  requires  only  to  be  diluted  with  water,  in  the  pro- 
portions of  about  one  of  Rodinol  to  fifteen  of  water. 
This  developer  is  better  for  dental  cases  for  it  does  not 
soil  the  fingers  as  some  solutions  will  do,  and  it  can  be 
used  over  again. 

Still  another  developer  is  made  up  as  follows: 


Eikonogen 1 oz. 

Water  (hot) 29  oz. 

Sulphite  of  Soda  (crystals) 1%  oz. 

Carbonate  of  Potash 1 oz. 


Mix  all  in  a granite  iron  vessel  and  when  cool  put 
in  a well-stoppered  bottle. 

Tliis  solution  is  to  be  used  without  dilution  and  can 
be  used  over  again  as  it  improves  with  a little  use,  but 
in  time  becomes  exhausted  and  badlv  discolored. 

Tbe  most  popular  among  professional  photographers 
is  tbe  “pyro”  developer,  composed  as  follows : 


Acid  Solution. 

Water 16  oz. 

Sulphite  of  Soda  (crystals) 4 oz. 

Pyrogallic  Acid 1 oz. 

Sulphuric  Acid 10  drops. 

Alkaline  Solution. 

Water 16  oz. 

Carbonate  of  Soda 4 oz. 

To  Develop,  Take  of 

Acid  Solution 1 oz. 

Alkaline  Solution 1 oz. 

Water 6 oz. 


This  should  be  made  up  in  two  bottles  for  stock  solu- 
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tion.  It  should  he  mixed  at  the  time  of  using  and 
then  thrown  away  as  it  cannot  be  used  a second  time 
if  allowed  to  stand.  For  dental  cases  a one-ounce  grad- 
uate if  used  for  measuring  will  be  found  to  be  the  most 
convenient.  Use  one  drachm  of  each  solution  and  then 
fill  the  graduate  full  of  water.  It  will  be  found  that 
nearly  all  one-ounce  graduates  will  hold  about  two 
drachms  over  an  ounce. 

Of  the  above  Ave  Avould  prefer  either  the  pyro  or  the 
Eikonogen  for  plates  and  the  Itodinol  for  dental  films. 

Before  the  plate  is  put  in  the  developer  it  should  be 
washed  in  running  Avater  during  Avhich  time  the  fingers 
are  run  over  it  lightly  to  remoATe  any  particles  of  dust. 
The  plate  by  being  first  Avet  also  takes  up  the  developer 
more  evenly.  It  is  then  put  in  the  tray  and  the  develop- 
ing solution  poured  oA^er  it  as  quickly  and  evenly  as 
possible.  The  films  of  dental  cases  need  not  be  washed 
and  the  fingers  should  never  touch  the  sensitive  side  be- 
fore it  reaches  the  developer. 

Uo  part  of  the  photographic  routine  is  so  important 
as  the  deArelopment  of  the  picture.  There  are  many 
things  to  be  learned  and  the  most  of  these  can  only  be 
found  out  by  experience.  Only  general  instructions 
can  be  given,  and  it  must  be  left  to  the  operator  to 
work  out  in  his  oavu  Avay  by  practical  experience  the 
finer  details  of  this  process.  He  has  to  learn  not  only 
Iioav  to  develop  properly  exposed  pictures,  but  he 
must  learn  the  indications  of  an  over-  or  an  under- 
exposed picture  and  be  able  to  treat  it  accordingly. 
In  X-rav  Avork  the  operator  has  ahvavs  to  deal  Avith 
a picture  Avbich  has  not  as  much  contrast  as  a photo- 
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graph  of  a person  or  a landscape,  and  he  has  there- 
fore a difficult  picture  to  develop.  Furthermore,  the  de- 
velopment of  an  X-ray  picture  often  calls  for  the  devel- 
opment for  a certain  thing.  It  may  be  to  get  a broken 
hroach,  or  it  may  he  to  get  the  outlines  of  an  abscess  in 
the  boldest  relief. 

The  next  step  is  the  fixing  of  the  negative.  For  this 
purpose  hyposulphite  of  soda  is  used  by  nearly  all  pho- 
tographers. It  is  generally  spoken  of  as  the  hypo  solu- 
tion and  is  prepared  by  taking  four  ounces  of  hypo- 
sulphite of  soda  to  thirty-two  ounces  of  water.  The 
negative  after  being  developed  is  washed  in  running 
water  and  is  allowed  to  remain  in  the  fixing  bath  till  the 
back  of  the  negative  is  entirelv  cleared.  It  is  then 
ready  for  the  final  washing  which  should  be  at  least 
thirty  minutes  in  running  water  or  in  frequent  changes 
of  water. 

The  negative,  if  a glass  plate,  is  then  put  upon  edge 
to  dry.  If  it  is  a film  it  should  be  immersed  for  five 
minutes  in  a weak  glycerine  solution  one  half  ounce  of 
glycerine  to  thirty-two  of  water  to  prevent  curling  after 
drying.  The  film  is  then  placed  upon  a board  celluloid 
side  down  and  fastened  bv  a pin  in  each  corner.  Experi- 
ence has  shown  that  if  the  negative  is  placed  in  a breeze 
or  before  an  electric  fan  that  it  will  take  but  a short  time 
to  dry.  The  quick  drying  of  the  negative  is  not  only 
of  advantage  by  reason  of  the  time  that  it  saves,  but  it 
also  produces  a thin  negative,  or  one  from  which  a print 
can  be  quickly  obtained. 

When  the  negative  is  dry  this  part  of  the  work  is  com- 
plete. Many  X-ray  operators  prefer  to  study  the  nega- 


506 


DENTAL  ELECTRICITY 


tive  of  a case  but  sometimes  it  is  desirable  to  have  a 
print  from  it,  and  owing  to  the  difficulties  and  the  ex- 
pense necessary,  unless  the  operator  has  a liking  for  it 
he  had  much  better  send  the  negative  to  a photographer 
for  the  print.  This  can  usually  be  had  at  small  expense 
and  he  is  relieved  of  much  worry.  If  the  operator  de- 
sires, however,  to  print  his  own  pictures,  he  must  buy  a 
printing  frame  and  another  set  of  trays.  After 
rather  unsatisfactory  attempts  at  all  methods  of  toning, 
as  the  process  of  fixing  the  print  is  called,  the  author 
has  arrived  at  the  conclusion  that  the  most  practical 
method  is  to  use  solio  paper  with  its  special  toning  solu- 
tion for  large  subjects  and  velox  or  almost  any  of  the 
quick-toning  papers  for  dental  cases.  The  latter  class 
of  papers  give  a great  deal  of  contrast  and  are  also  very 
easily  managed.  The  amount  of  care  that  is  necessary 
in  toning  a picture  by  the  best  methods  as  employed  by 
professional  photographers  is  too  exacting  for  the  prac- 
tical printing  of  X-ray  pictures  except  those  of  large 
subjects.  In  dental  cases  the  subject  is  small  and  much 
more  contrast  will  be  allowable  than  when  printing  a 
large  subject.  It  would  therefore  be  recommended  that 
the  self-toning  papers  as  they  are  called,  be  used  in 
dental  cases  for  they  save  time,  can  be  printed  by  gas 
light,  and  require  a simple  method  of  development  and 
fixing. 


CHAPTER  XII. 


An  Independent  Plant. 

While  the  commercial  applications  of  electricity  are 
constantly  increasing  and  the  plants  for  meeting  the 
growing  demands  are  keeping  pace  with  them,  many 
dentists  will  still  not  have  access  to  a commercial  cur- 
rent. Moreover,  the  dentists  in  small  towns  who  do 
have  access  to  a commercial  current,  usually  find  such 
a current  to  he  either  an  alternating  current  of  fifty-two 
or  one  hundred  and  four  volts,  or  the  five  hundred  volt 
current  of  a car  line,  none  of  which  are  the  best  currents 
for  dental  purposes.  To  meet  all  the  dental  require- 
ments, a person  in  this  position  must  establish  an  inde- 
pendent plant.  At  first  thought  this  may  appear  to  be 
a formidable  undertaking,  but  the  author  having  estab- 
lished one  of  his  own  for  experimental  purposes,  finds 
it  to  be  entirely  feasible,  and  one  which  will  give  a sat- 
isfactory return  for  the  time  and  money  invested. 

An  independent  plant  such  as  will  be  described,  while 
especially  designed  for  dental  purposes,  will  be  found 
to  be  of  use  in  many  other  ways.  The  majority  of  sub- 
urban dentists  have  their  offices  in  their  homes,  and  this 
plant  will  be  of  ample  capacity  for  also  supplying  his  liv- 
ing apartments  with  electricity,  which  will  be  more  than 
equal  to  a city  current.  He  may  use  it  for  light,  for 
fans,  for  cooking,  for  charging  an  automobile,  and  in 

507 


508 


13  ENT  A L ELECTKICIT  Y 


fact  for  all,  and  perhaps  more,  purposes  than  a single 
commercial  current  would  be  able  to  supply. 

While  the  engine  is  charging  a storage  battery,  it 
may  also  he  operating  the  laundry,  and  many  household 
utensils.  In  fact,  the  owner  of  such  a plant  will  be 
surprised  at  the  many  applications  that  can  he  made  of 
mechanical  power  in  the  home.  The  introduction' 
of  power  and  electricity  in  the  country  place  is  an  inno- 
vation especially  welcomed  by  the  feminine  section  of 
the  household,  for  it  relieves  washday  and  ironing  dav 
of  the  toil  and  drudgery  which  has  characterized  this 
day  as  “blue”  Monday.  The  laundry  washer  and  the 
electric  iron  may  he  operated  either  by  the  engine  and 
dynamo  direct,  or  by  power  from  the  storage  battery. 

In  the  practical  operation  of  such  a plant,  a given  day 
once  or  twice  a week  is  set  apart  for  charging  the  storage 
battery,  at  which  time  other  office  and  household  opera- 
tions are  arranged  for.  If,  however,  the  storage-battery 
part  of  the  plant  is  of  sufficient  capacity,  all  the  power 
and  other  electrical  applications  can  be  made  from  that 
irrespective  of  the  operation  of  the  engine. 

An  independent  plant  consists  of  an  engine  and  dy- 
namo, and  to  be  complete  and  convenient,  a storage  bat- 
tery should  also  be  used.  A gas-engine  is  used  because 
of  its  small  size,  low  cost,  and  simplicity  of  operation. 
As  a rule,  most  gas-engines  can  be  operated  by  gas  or 
gasoline,  interchangeably,  so  that  if  the  dentist  has  not 
the  one  he  may  use  the  other.  As  a matter  of  fact,  al- 
though not  quite  so  convenient,  the  output  of  a gas  en- 
gine is  considerably  more  when  operated  by  gasoline, 
than  when  operated  by  either  natural  or  artificial  gas. 
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There  are  two  types  of  gas-engines,  the  horizontal, 
and  the  upright.  The  horizontal,  as  illustrated  in  Fig. 
205,  has  its  cylinder  in  the  horizontal  position.  This 
position  is  employed  in  all  large  engines,  and  permits 
of  perfect  lubrication  of  the  piston,  which  is  an  import- 
ant feature.  The  cylinder  and  bed  is  a single  casting 
in  the  small  sizes,  and  the  latter  is  provided  with  holes 
for  firmly  bolting  to  the  foundation. 


Eig.  205. — Horizontal  Gas  Engine. 


The  upright  engine  as  shown  in  Fig.  206,  has  its 
cylinder  in  an  upright  position.  This  form  is  frequently 
employed  in  engines  of  ten  horse-power,  or  less,  and  its 
principal  advantage  is  the  vertical  motion  of  the  recip- 
rocating parts.  Moreover,  the  jar  of  the  explosion  is 
received  by  the  base  in  a downward  direction  upon  the 
foundation,  which  reduces  the  motion  of  the  engine  to  a 
minimum.  Xo  matter  how  well  balanced  a horizontal 
engine  may  be,  and  how  well  it  may  be  seated  on  its 
foundation,  there  will  always  be  some  movement  and  jar 
from  the  explosion. 
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The  working  principle  is  the  same  in  both  styles  of 
engines,  the  principal  difference  being  the  position  in 
which  the  cylinder  is  placed.  The  motive  power  is  given 
by  the  explosion  of  a gas,  properly  mixed  with  air. 
Every  dentist  has  observed  that  if  in  lighting  the  gas 
burner  under  his  vulcanizer,  he  does  not  introduce  the 
flame  before  turning  on  the  gas,  a slight  explosion  will 


take  place.  The  intensity  of  this  explosion  varies  ac- 
cording to  the  proportions  of  air  and  gas.  This  is  pre- 
cisely what  takes  place  in  the  gas-engine.  Gas  or  vapor- 
ized gasoline,  properly  mixed  with  air,  is  introduced 
into  the  cylinder,  and  this  is  ignited  at  the  proper  mo- 
ment by  an  electric  spark,  or  by  the  heat  of  the  hot  tube. 
The  explosion  takes  place  when  the  piston  is  at  the  bot- 
tom of  the  cylinder,  and  the  force  of  the  explosion  drives 
the  piston  to  the  other  end  of  the  cylinder.  This  motion 


Fig.  206.— Upright  Engine. 
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is  communicated  by  the  usual  means  of  a connecting 
rod  to  the  crank  shaft  and  balance  wheel. 

The  cylinder  of  the  gas-engine  has  only  one  head.  In 
a steam-engine  the  steam  is  introduced  at  both  ends  of 
the  cylinder,  but  in  the  gas-engine  only  at  the  farther 
end.  This  allows  of  very  short  coupling,  and  explains  the 
compact  construction  of  the  gas-engine,  when  compared 
with  the  steam-engine.  The  piston  is  usually  half 
again  as  long  as  its  diameter,  in  order  that  it  may  not 
cramp  in  the  cylinder  when  the  connecting  rod  is  in  its 
most  angular  position.  To  prevent  the  cylinder  from 
becoming  overheated,  it  is  covered  with  an  outer  jacket, 
through  which  water  is  kept  in  constant  circulation. 
In  very  small  engines  the  cylinder  is  kejit  sufficiently 
cool  by  outstanding  ribs,  which  radiate  the  heat. 

The  mode  of  operation  in  most  gas-engines  is  as  fol- 
lows: Beginning  with  an  outward  stroke,  the  gas  and 

air  of  the  proper  proportions  is  drawn  into  the  cylinder. 
Upon  the  return  stroke  the  gas  is  ignited  just  as  the 
piston  about  reaches  the  lower  end  of  the  cylinder. 
This  is  the  moment  at  which  the  impulse  is  received, 
and  the  piston  is  driven  out  by  the  force  of  the  explo- 
sion. Upon  the  return  of  the  piston  the  burnt  gas  is 
forced  out  through  an  exhaust  port,  which  is  opened  by 
a cam  appliance  at  the  proper  moment. 

This  completes  the  cycle,  and  it  will  be  seen  that 
the  piston  makes  two  complete  out  and  in  movements  to 
each  explosive  impulse.  In  other  words,  the  balance 
wheels  make  two  revolutions  to  one  explosion  in  the 
process  of  taking  in,  exploding,  and  exhausting  the  gas. 
There  are  some  engines,  especially  in  the  upright  types 


512 


L)  KN'i’AL  ELECT K1C1T  V 


in  which  an  explosion  is  produced  with  each  outward 
stroke  of  the  piston,  but  these  are  not  the  most  efficient. 

The  proportions  of  air  and  gas  for  the  most  powerful 
explosions  vary  with  the  kind  of  gas  employed,  but  the 
average  proportions  are  about  one  of  gas  to  ten  of 
air.  If  gasoline  is  used,  a small  jet  of  this  is  admitted 
through  a needle  valve  to  an  air  chamber  where  it  vol- 
atilizes and  mixes  with  the  proper  proportions  of  air. 

There  are  two  methods  of  igniting  the  gas,  one  by 
an  electric  spark,  and  the  other  by  a hot  tube.  When 
the  electric  spark  is  employed  it  may  be  produced  in  two 
ways:  One  by  the  simple  opening  of  the  circuit  of  an 

electric  current,  and  the  other  by  the  use  of  an  induction 
coil  which  causes  the  spark  to  jump  from  one  point  to 
another  which  is  not  quite  in  contact  with  it.  If  the 
contact  method  is  employed,  two  or  three  cells  of  the 
Edison-Lelande  type  are  usually  necessary,  and  the  cur- 
rent passes  through  a spark  coil.  This  is  simply  a coil 
of  rather  heavy  wire,  wound  around  a bundle  of  soft.  • 
iron  wires.  The  effect  of  the  spark  coil  is  to  cause  the 
current  to  exhibit  itself  in  a large  spark  when  the  circuit 
is  broken.  This  is  due  to  the  inductive  effect  caused 
by  the  soft  iron  core  of  the  coil.  The  jump  spai’k  is 
produced  in  the  same  manner  that  a spark  is  produced 
in  a Rhumkorff  coil.  The  terminals  of  the  secondary 
are  poised  at  a short  distance  from  one  another,  and  at 
the  proper  moment  a spark  is  caused  to  pass  between 
them. 

The  hot-tube  method  of  ignition  consists  of  a small 
tube  sealed  at  its  outer  end  and  which  communicates 
with  the  gas  chamber,  at  the  bottom  of  the  cylinder. 
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This  is  brought  to  a red  heat  at  its  outer  end  by  means 
of  a Bunsen  burner.  In  the  operation  of  the  hot  tube, 
the  mixed  gas  is  forced  into  this  tube  by  the  pressure 
caused  by  the  piston  as  it  reaches  the  inner  end  of  the 
strode.  The  length  of  the  tube  is  so  proportioned  that 
the  gas,  in  its  compression,  does  not  reach  the  igniting 
heat  until  the  piston  is  at  the  proper  position.  When 
the  right  proportions  of  gas  and  air  are  forced  into  this 
tube,  they  become  ignited  by  its  heat  and  the  explosion 
takes  place. 

The  exact  moment  of  ignition  is  an  important  matter. 
In  starting  the  engine  the  explosion  should  not  occur 
till  the  crank  has  passed  the  dead  center,  but  as  the 
speed  increases  the  ignition  should  take  place  a little 
before  the  dead  center  is  reached.  This  is  accomplished 
by  shifting  the  position  of  the  cam  in  the  electric 
sparker,  or  by  raising  the  heat  of  the  tube  when  the  hot 
tube  is  used. 

The  regulation  of  gas-engines  is  accomplished  either 
by  choking  the  supply  of  gas,  or  by  entirely  cutting  off 
an  occasional  charge.  The  former  is  accomplished  by 
operating  a wedge-shaped  piece  of  metal  under  the  gas 
valve,  from  the  governor  on  the  engine.  The  method 
of  regulating  on  the  “hit  or  miss”  plan  is  accomplished 
by  a trip  appliance^  which  either  opens  the  valve  to  the 
limit,  or  does  not  open  at  all.  The  former  method  pro- 
duces a more  uniform  speed  of  the  engine,  which  is 
necessary  when  operating  a dynamo. 

In  selecting  a gas-engine  for  our  plant  it  should  be  a 
nominal  three  horse-power.  The  actual  amount  of 
work  to  be  gotten  from  such  a machine  will  seldom  ex- 
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ceed  two  horse-power.  There  are  but  few  gas-engines 
■which  give  the  rated  horse-power,  even  under  the  most 
favorable  conditions.  Moreover  there  are  several  rea- 
sons for  having  one  as  large  as  this.  The  actual  elec- 
trical horse-power  necessary  for  the  heaviest  require- 
ments in  dental  practice  is  about  two.  By  the  time 
the  mechanical  energy  of  the  gas-engine  has  been  con- 
verted into  electrical  energy  through  the  dynamo,  there 
will  be  but  a small  margin  left.  Moreover  a small  gas- 
engine  is  difficult  to  regulate,  and  when  loaded  to  the 
limit  it  becomes  very  unsteady.  This  is  especially  no- 
ticeable if  electric  lamps  are  operated  from  tbe  dynamo 
direct.  The  jar  of  the  engine  is  very  slight  when  it  is 
not  overloaded,  for  this  reason  its  life  will  be  preserved 
and  at  the  same  time  it  will  be  a comparatively  quiet; 
piece  of  machinery.  It  is  a common  fault  to  find  the 
gas-engine  in  all  its  applications  continually  over- 
loaded. 

One  might  suppose  that  a large  engine  would  be  more 
expensive  to  operate  than  a smaller  one,  but  it  is  a well 
known  fact  that  a small  engine  overloaded,  consumes 
more  gas  than  a larger  one  would  with  the  same  load. 
For  this  reason  there  is  no  economy  in  using  a small 
engine  which  is  constantly  working  at  its  limit. 

The  cost  of  a three  horse-power  is  but  little  more  than 
a two  horse-power  engine.  The  usual  prices  are  as 
follows:  One  horse-power,  one  hundred  dollars;  two 

horse-power,  one  hundred  and  fifty  dollars ; and  a three 
horse-power,  one  hundred  and  seventy-five  dollars. 
There  are  some  upright  three  liorse-power  engines 
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'which  are  listed  at  one  hundred  and  twenty-five  dollars, 
which  will  give  excellent  results. 

The  dynamo  of  our  plant  should  he  a fifteen  or 
twenty-light  machine.  This,  if  rated  in  “kilowatts” 
would  be  about  a one-kilowatt  dynamo.  It  should  be 
compound  wound  for  the  purpose  of  compensating  to  a 
small  extent  for  the  fluctuations  in  the  load  that  will 
be  put  upon  it  and  also  for  any  variation  in  the  speed 
of  the  engine.  The  author’s  as  illustrated  in  Fig.  207 


Fig.  207.— Compound  Wound  Dynamo. 


is  made  by  Both  Brothers,  of  Chicago,  is  a compound 
wound  of  one  kilowatt  capacity,  costing  eighty-five  dol- 
lars. 

It  is  wound  for  one  hundred  and  ten  volts,  which 
would  be  recommended  for  the  following  reasons : This 

voltage  is  standard,  it  is  the  ideal  dental  current,  the 
majority  of  dental  instruments  are  designed  for  this 
voltage,  and  electrical  fittings  for  it  can  always  be  had. 
This  dynamo  has  given  the  best  of  satisfaction.  Even 
when  carrying  twenty  lights  it  does  not  heat  to  an  ap- 
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preciable  extent.  It  can  be  made  dust  proof  by  enclos- 
ing the  ends  with  plates,  which  are  made  to  fit  the  open- 
ings. The  bearings  are  continually  oiled  by  the  ring 
method,  so  satisfactory  in  all  large  machines.  The  base 
is  provided  with  a sliding  device,  whereby  the  dynamo 
can  be  easily  moved  for  the  purpose  of  tightening  the 
belt. 

The  switch-board  of  our  plant  should  be  arranged  as 
diagrammed  in  Fig.  208.  Four  wires  will  run  from  the 


dynamo  to  the  board.  Two  of  them  will  connect  to  the 
rheostat  for  regulating  the  voltage,  and  the  other  two 
are  the  mains  which  first  run  through  the  fuse  block, 
and  then  to  the  knife  switch.  The  volt  meter  which  is 
connected  across  the  mains,  is  always  a necessary  ad- 
junct. The  ammeter,  while  not  a necessity,  is  a satis- 
faetorv  instrument  to  have.  This  is  to  be  placed  in 
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series  on  one  side  of  the  main  wires.  It  tells  the  exact 
amount  of  current  that  is  being  used  and  in  conjunction 
with  the  volt  meter  one  can  estimate  the  output  of  the 
plant  at  a glance. 

The  gas-engine  and  dynamo  should  be  placed  on  the 
ground  floor  of  the  house  or  cellar,  provided  the  latter  is 
dry,  or,  it  may  be  placed  in  an  out-building.  If  it  should 
be  in  an  inconvenient  place  the  switch-board  may  be 
put  at  any  point  in  the  house  that  will  be  convenient, 
for  the  dynamo  can  be  regulated  just  as  well  at  some  dis- 
tance from  it,  it  being  only  necessary  to  run  four  wires 
from  the  dynamo  to  the  switch-board.  The  engine  and 
dynamo  of  the  author’s  plant  are  in  the  cellar  and  the 
switch-board  is  in  the  library.  The  starting  of  the  en- 
gine can  be  done  in  a moment’s  time,  and  it  requires  no 
attention  till  it  is  to  be  shut  off.  This  could  also  be 
done  from  the  switch-board,  were  it  necessary. 

While  the  gas-engine  and  dynamo  are  the  necessary 
parts  of  an  independent  plant,  such  an  arrangement 
would  not  be  practical  unless  there  was  constant  use  for 
current  during  its  operation.  In  the  practice  of  den- 
tistry, hours  sometimes  elapse  without  using  current, 
during  which  time  there  would  be  an  unnecessary  waste 
of  energy.  Frequently  there  is  use  for  the  current  for 
a short  period  for  which  it  would  be  impracticable  to 
start  the  engine  each  time. 

To  meet  the  intermittent  use  of  current,  a supply 
should  always  be  “on  tap”  as  it  were.  To  this  end  a 
storage  battery  is  necessary  and  when  once  installed 
places  the  dentist  in  an  independent  position,  and  at  the 
same  time  makes  his  plant  a most  practical  venture. 
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The  storage  battery  should  be  one  of  fifty-five  cell-. 
These  need  be  of  only  thirty  ampere-hours’  capacity. 
Such  a battery  would  operate  a sixteen  candle-power 
lamp  for  sixty  hours,  or  ten  such  lamps  for  six  hours, 
which  would  be  sufficient  to  light  a medium-sized  house 
in  the  evenings  for  a week  during  the  summer  months. 
In  the  winter,  however,  about  twice  the  amount  would  be 
consumed,  and  it  would  be  necessary  to  operate  the  plant 
twice  during  the  week.  If  our  plant  were  to  be  oper- 
ated at  fifty-five  volts’  pressure,  then  half  the  number  of 
cells  would  be  necessary,  but  they  should  be  of  twice  the 
ampere  capacity  to  give  the  same  output.  So  it  will  be 
seen  that  there  is  very  little  economy  in  the  operation  of 
the  plant  at  fifty-five  volts.  This  may  be  done,  how- 
ever, in  isolated  plants  intended  for  lighting  purposes 
only,  but  where  dental  instruments  are  to  be  operated 
by  it,  the  higher  voltage  is  preferable. 

The  type  of  storage  cell  for  this  purpose  is  not  ma- 
terial, however,  in  point  of  cheapness,  the  “High  Ten- 
sion” cell  as  described  in  the  chapter  on  the  storage 
battery,  can  be  recommended.  Four  boxes  of  these 
trays  will  give  one  hundred  and  twelve  volts.  Their 
simplicity  of  construction  and  compact  bulk  are  desir- 
able features.  Moreover,  when  these  cells  are  used  it 
is  just  as  economical  to  operate  at.  one  hundred  and 
twelve  volts  as  at  fifty-five.  If  the  above  type  of  cell 
be  adopted,  the  use  of  the  forty  ampere  hour  cell,  rather 
than  the  thirty  ampere  hour  cell  would  be  recom- 
mended, for  the  reason  that  the  first  cost  is  but  little 
more  comparatively,  the  care  is  the  same,  the  capacity 
is  greater,  and  the  life  will  be  much  prolonged. 
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In  setting-  up  these  cells,  they  should  have  the  outside 
boxing  removed,  and  then  be  placed  on  a table  or  rack 
in  such  a manner  that  all  the  edges  can  be  easily  seen. 
The  edges  of  the  trays  should  be  carefully  separated,  so 
that  each  one  is  equally  distant  from  its  neighbors.  The 
electrolyte,  consisting  of  four  parts  of  rain  water  to  one 

i 

of  commercial  sulphuric  acid,  should  be  mixed  in  earth- 
enware jars,  by  adding  the  acid  to  the  water.  When 
this  is  cold,  the  absorbent  material  between  each  tray  is 
to  be  filled  till  it  will  take  up  no  more.  The  best  method 
of  doing  this  is  to  use  a rubber  syringe  bulb,  with  a hard 
rubber  point,  such  as  can  be  found  at  the  drug  stores. 
The  solution  should  be  added  from  time  to  time  and  in 
sufficient  quantity  to  show  around  the  edges.  The  trays 
must  also  be  kept  level,  so  as  to  insure  complete  cover- 
ing of  both  sides  of  each  plate,  with  the  electrolyte. 

In  the  practical  operation  of  the  plant  with  the  storage 
battery  the  dynamo  should  be  operated  at  about  one  hun- 
dred and  twentv-five  volts  when  charging  the  battery, 
and  a current  of  about  ten  amperes  for  the  forty  ampere 
hour  cell  will  be  sufficient.  This  size  of  battery  can  be 
charged  in  half  a day  and  such  a charge  will  last  from 
three  days  to  a week,  according  to  the  use  put  upon  it. 
If  the  .dentist  uses  a laboratory,  and  an  engine  motor, 
a gold  annealer  and  the  usual  amount  of  light  for  his 
office,  such  a charge  should  last  a week.  If  in  addition 
he  uses  an  electric  oven,  an  air  compressor,  and  cautery, 
his  battery  will  require  charging  twice  a week. 
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Mouth  Lamp,  353. 
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Pole  in,  431. 
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Cataphoric,  Application  of  Co- 
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Self-Operating,  415. 
Cautery,  Electric,  321. 

Transformer  for  Alternating 
Current,  323. 


Cell,  Badt,  Hermetic,  110. 
Bichromate,  89. 

Bunsen,  87. 

Callaud,  82. 

Chloride  of  Silver,  97. 

Closed  Circuit,  79. 

Copper  Oxide,  95. 

Daniell,  79. 

Daniell  in  Electroplating, 

368. 

Del  any  Gravity,  84. 

Dry,  111. 

Edison-Lelande,  96. 

Fuller,  88. 

Gasner  Dry,  111. 

Gethins,  84. 

Gordon,  87. 

Gravity,  82, 

Grenet,  96. 

Grove.  86. 

High-Tension,  182,  517. 

Law,  108. 

Leclamche,  100. 

Medinger,  55. 

Minnetto,  84. 

Open  Circuit,  9S. 

Partz,  Acid  Gravity,  91. 
Partz,  Motor,  93. 

Smee.  106. 

Silvey.  179. 

Vole,  105. 

Voltaic,  71. 

Willard  Storage,  176. 

Cells,  Double  Fluid.  78. 

in  Cataphoresis,  Galvanic, 
4(fe. 

in  Parallel,  113. 
in  Series,  113. 

Size  of.  112. 

Single  Fluid,  7S. 
with  Depolarizers.  77. 
without  Depolarizers.  106. 
Certainty  of  Electric  Energy,  S. 
Charging  Current,  for  Storage 
Cell.  169. 

Connections  for.  171. 

Time  of,  171. 

Chloride  Accumulator,  177. 
Chloride  of  Lime  for  Bleaching, 
439. 

Chloride  of  Silver  Cell,  97. 
Cleanliness  iu  Electroplating,  372. 
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dean  1 i ness—  Continued. 
of  Electricity,  10. 
of  Electric  Oven.  302. 

Climax  Resistance  Wire,  187. 
Clutch,  Electric,  241. 

Coil,  Advantage  of  Rhumkorff, 
477. 

for  Dentist,  478. 
for  X-ray,  45G. 

Apps,  459. 

Primary,  458. 

Queen,  4GG. 

Rhumkorff,  for  Gas  Engine, 
512. 

Secondary,  458. 

Spark,  512. 

Tesla,  477,  472. 

Edison,  465. 

Cocaine  in  Cataphoresis,  430. 
Collecting  Rings,  143. 

Columbia  Dental  Engine,  217. 
Commercial  Current,  for  Electro- 
plating, 3G9. 

Value  of,  in  Electrolysis,  364. 
Commutator,  133. 

Magneto,  121. 

Compound,  Magnet,  119. 

wound  Dynamo,  140,  152. 
Condensation  of  Gold,  2G1. 
Condenser,  469. 

Condition  of  X-ray  Tube,  484. 
Conduction,  18. 

Conductivity  of  Metals,  Relative, 
40. 

Connections,  for  Charging  Storage 
Cell,  171. 

for  X-ray  Tubes,  499. 

Proper  for  Plating,  374. 
Constant  Current  in  Electroplat- 
ing, 368. 

Continuous  Current  Dynamos, 
135. 

Copper,  Amalgam,  386. 
Electrodes,  424. 

Electrolytic,  384. 

Oxide  Cell,  95. 

Wire,  Resistance  of,  39. 
Cost  of  Electrical  Heat,  302. 
Coulomb,  45. 

Couplet,  Thermopile,  68. 

Covering  for  Film,  480. 

Crooks,  Prof.,  446. 

Crooks  Tubes,  448. 


Cross-Section  and  Resistance,  38. 
Current,  20. 

Alternating,  23. 

for  X-ray  Tube,  499. 
Continuous,  20. 

Controller,  Willrns,  202. 
Direction  of,  in  Cells,  75. 
Interrupted,  22. 

Multiphase,  152. 

Pulsating,  22. 

Sinusoidal,  24. 

Triphase,  152. 

Uniphase,  152. 
in  Cataphoresis,  Edison,  402. 
Custer,  Arc  Light,  307. 

Break  Appliance,  468. 

Device  for  Operating  Vac- 
uum Regulator,  496. 
Electric  Gold  Annealer,  277. 
Mallet,  265. 

Oven,  287. 

Warm  Water  Appliance,  335. 
Cycle,  145. 

Dangers  in  Cataphoresis,  404. 
of  Mouth  Lamp  on  Commer- 
cial Current,  357., 
Daniell  Cell,  79. 

in  Electroplating,  368. 
Definition  of  Radiograph,  496. 
Delany  Gravity  Cell,  84. 

Dental  Engine,  Berry,  227,  238. 
Browning,  231. 

Columbia,  217,  240. 

Griscom,  217. 

Kells,  21S. 

Sphere,  221. 

Taggart,  239. 

Wheeler,  220,  221. 

White,  225,  235. 

Dental  Films,  Rodinol  for,  503. 
Dentine,  Extent  of  Exposure  in, 
433. 

in  Cataphoresis,  407. 

Dentist,  Rhumkorff  Coil  for,  478. 
Depolarizer,  Solid,  99. 

Desmer  Solution  for  Nickle  Plat- 
ing,  391. 

Detector,  Pole,  171. 

Detroit  Motor,  218. 

Developer,  Pyro,  503. 

Developing  Solution,  503. 
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Development  of  Negative,  000. 

of  X-ray  Tlate,  502. 

Device,  Custer,  for  Operating 
Vacuum  Regulator,  496. 
Diphase  Generators,  153. 

Direct  Current  Generators,  126. 
Direction  of  Current  in  Cells,  75. 
Distance  of  Wires  from  Porce- 
lain, 294. 

Double  Fluid  Cells,  7S. 

Drum  Armature,  Siemens,  129. 
Dry  Cell,  111. 

Duplex  Syringe,  177. 

Dynamo,  116,  511. 

Compound-Wound,  138. 
Continuous-Current,  135. 
Electricity,  66. 

Electro,  123. 

Inductor,  129,  144. 
in  Electroplating,  368,  371. 
Motor,  159. 

Self-Excited,  152. 

Separately  Excited,  152. 
Series- Wound,  136. 

Shunt- Wound,  138. 

Two-Pole,  127. 

Winding  of,  136, 

Economy  of  Time  in  Electrically 
Annealing  Gold,  282. 
Edison,  Coil,  465. 

Current  in  Cataphoresis,  402. 
Pressure  of,  29. 
Edison-Eelande  Cell,  96. 
Eikonogen,  503. 

Electric,  Air  Compressor,  256. 
Cautery  and  Root  Drier,  321. 
Clutch,  241. 

Current,  20. 

Fan,  254. 

Gold  Annealer,  274. 

Custer,  277. 

Gutta  Percha  Plugger,  330. 
Heat,  272. 

Applications  of,  272. 
from  Platinum,  273. 
Lamp,  345. 

Browning,  353. 

Ritter,  350. 

Victor,  352. 

Werner,  354. 

White,  350. 


Electric — Continued. 

Lathe.  246. 

Berry,  249. 

Browning,  249. 

Ritter,  248. 

Victor,  250. 

White,  246. 

Mallet,  259. 

Barnes-Skinner,  269. 
Bonwill,  260. 

Custer,  266. 

Gibbs,  265. 

Match,  336. 

Custer,  337. 

Oven.  283. 

Advantages  of,  300. 
Automatic  Timing  Ap- 
pliance for,  304. 

Care  of,  315. 
Cleanliness  of,  302. 
Custer,  287. 

for  Crowns  and 
Bridges.  309. 
for  Full  Cases,  312. 
naskell  Pattern. 
313.  314. 

Plan  of  Wiring.  319. 
Form  of,  291. 

Intensity  of  Heat  in. 

300. 

Instruction  for  Using. 
310. 

Mechanical  Appliances 
for  Regulating.  303. 
Necessity  of  Rheostat. 

301. 

Repair  of.  317. 
Thermometer  for.  306. 
Time  saved  by.  303. 
Watt-meter  for.  305. 
Sterilizer,  331. 

Electrical,  Considerations  in  Cata- 
phoresis. 401. 

Heat,  Cost  of,  302. 

Turity  of.  11. 

Melting  of  Platinum,  338. 
Osmosis,  398. 

Potential.  Fall  of,  27. 

Term§,  25. 

Electricity,  Cleanliness  of.  10. 
Dynamo.  66. 

Frictional.  66. 

Nature  of,  17. 
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Electricity  — Continued. 

Photo,  67. 

Production  of  Heat  by,  273. 
Pyro,  66. 

Reliability  of,  12. 

Sources  of,  66. 

Thermo,  66. 

Varieties  of,  20. 

Vital,  67. 

Voltaic,  66. 

Electro-Chemical  Properties  of 
Metals,  362. 

Electro-Dental  Co.’s  Warm  Air 
Appliance,  329. 

Warm  Water  Appliance,  335. 
Electro-Dynamo,  123. 

Magnet,  62. 

Magnetism,  60. 

Electro-Motive  Force,  30. 

of  Storage  Cell,  167. 
Electrode,  S.  S.  White  Duplex 
for  Extraction,  438. 

Dr.  M.  M.  Hollingsworth, 
440. 

Electrodes,  Copper,  424. 

Zinc,  424. 

Electroplating,  366. 

Cleanliness  in,  372. 
Commercial  Current  for,  369. 
Constant  Current  for,  36S. 
Daniell  Cell  for,  SOS. 
Dynamo  for,  308,  371. 
Equipment  for,  367. 

Voltage  in,  369. 

Electrolysis,  359. 

and  Cataplioresis,  399. 
a Menace,  364. 

Commercial  Value  of,  364. 
in  Nature,  364. 
in  Therapeutics,  365. 
Electrolyte.  72. 

of  Storage  Cell.  106. 
Electrolytic,  Copper,  384. 

Dissociation  of  Ions,  360. 
Interrupter,  463. 

Medication,  Requirements  for, 
366. 

Electrozone,  430. 

Enamel  in  Cataplioresis,  407. 
Engine,  Berry  Electric,  227,  238. 
Browning  Electric.  231. 
Griscom  Electric.  217. 

Kells  Electric,  218. 


Engine — Continued. 

Rheostat,  for  Electric,  231. 
Ritter  Electric,  217,  246. 
Sphere  Electric,  221. 

Taggart  Electric,  239. 
Wheeler  Electric,  220,  221. 
White  Electric,  235. 

Ether,  58. 

Streamings,  58. 

Even  Annealing  of  Gold,  279. 
Ewing's  Theory  of  Magnetism,  55. 
Expander,  Nipple,  441. 

Exposure,  Extent  of,  in  Dentine, 
433. 

Length  of  Time  for,  in  X- 
Ray,  480,  482. 

Fall  of  Electrical  Potential,  27. 
Fan,  Electric,  254. 

Faure,  164. 

Field,  146. 

Filament,  Carbon  for,  346. 
Filings,  Magnetic,  61. 

Film,  Covering  for,  480. 

Films,  Rodinol  for  Dental,  503. 
Fixing,  of  Negative,  505. 

X-ray  Tlates,  503. 

Flexibility  of  Electric  System,  13. 
Flux,  Magnetic,  59. 

Form  of  Electric  Oven,  291. 
Focus  Lamp,  348. 

Forming  Plates  for  Storage  Bat- 
tery, 162. 

Fountain  Cuspidor  in  Catapho- 
resis.  404. 

Fractional  Volt  Selector,  Wheeler, 
397. 

Frequency.  145. 

Frictional  Electricty,  66. 

Frogs’  Legs,  Experiment  with, 
70. 

Fuller  Cell.  88. 

Fusing  Continuous  Gum,  Uncer- 
tainties of,  284. 

Difficulty  of  Observing,  2S4. 

Galvaxi,  70. 

Galvanic  Cells  in  Cataplioresis, 
402. 

Galvanometer.  419. 

Garhart  Electric  Mouth  Lamp, 
354. 

Root  Canal  Drier,  325. 
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Gas  Engines,  508. 

Ignition  of,  512. 

Regulation  of,  513. 

Selection  of,  513. 

Gases,  Porcelain  Affected  by,  284. 
Gasner  Dry  Cell,  111. 

Gauge,  Baume,  172. 

Geissier  Tubes,  447. 

General  Electric  Company,  Tubes, 
495. 

X-ray  Outfit,  472. 
Generators,  Dipbase,  153. 
Direct-Current,  126. 
Monocyclic,  153. 

Triphase,  153. 

Gethins  Cell,  84. 

Gibbs  Electric  Mallet,  265. 
Gilbert,  62. 

Glycerine  Solution.  505. 

Gold,  Annealer,  Custer  Electric, 
274. 

Condensation  of,  261. 
Economy  of  Time  in  Elec- 
trically Annealing.  282. 
Even  Annealing  of,  279. 
Plating,  375. 

Formula  for,  375. 
Thorough  Annealing  of,  280. 
Gordon  Cell,  S7. 

Graphite  Rheostat,  201. 

Gravity  Cell,  82. 

G renet  Cell,  96. 

Grid,  173. 

Griscom  Electric  Engine,  217. 
Grove  Cell,  86. 

Guaiacol,  429. 

Cocaine  in  Cataphoresis,  396. 
Gutta  Percha  Plugger,  Electric, 
330. 

Hard.  Platinum,  339. 

Tubes,  484. 

Head  Lamp,  Victor,  348. 

Heat  and  Electricity,  17. 

Heat.  Electric,  272. 

Platinum  for  Electric,  273. 
Production  of,  by  Electricity, 
273. 

Helix,  61. 

Hertz,  Prof.,  446. 

High-Tension  Ceil,  182,  514. 
Hollingsworth,  Dr.  W.  M.,  Elec- 
trodes, 440. 


Holtz  Machine,  453. 

Hot-Air  Appliance,  Wassail,  326. 
Hours,  Ampere,  168. 

Hughes  Theory  of  Magnetism,  55. 
Hydrogen,  76. 

Hydraulic  Gradient,  26. 

Ignition  in  Gas  Engines,  5J2. 
Incandescent  Lamp,  345. 

Increase  of  Current  in  Catapho- 
resis, 432. 

Independent  Plant,  507. 

Storage  Battery  with,  517. 
Uses  for,  507. 

Induced  Magnetism,  51. 

Induction  Coll  for  X-ray.  456. 
Inductor  Dynamos,  129,  144. 
Instruction  for  Using  Electric 
Oven,  310. 

Insulation,  Necessity  for,  in  Cata- 
phoresis, 428. 

Interrupter,  Electrolytic,  463. 

Wehnelt,  463. 

Ions,  360. 

Electrolytic  Dissociation  of, 
360. 

Jar,  Leydon,  469. 

Johnson,  Prof.  C.  N.,  2S1. 

Kathode,  360. 

Kathions,  360. 

Kells,  Dr.  E.  C.,  478,  480. 

Engine,  218. 

Kilowatt,  The,  44,  214.  511. 

Lamp,  Focus,  34S. 

Incandescent,  345. 

Miniature,  346. 

Lathe,  Electric,  246. 

Berry  Electric.  249. 

Ritter  Electric,  248. 

Victor  Electric,  250. 

White  Electric,  246. 

Law  Cell,  10S. 

Leakage  of  Rubber  in  Catapho- 
resis, 421. 

Leclanclif*  Cell,  100. 

Lenard,  Prof.,  447. 

Rays  and  X-Rays.  452. 
Length  of  Time  in  X-Ra.v  Ex- 
posure, 482. 

Leyden  Jar.  469. 
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Light,  19,  345. 

S.  S.  White,  for  Head  Rest, 
347. 

Lime  Process  for  Fusing  Plati- 
num, 342. 

Lines  of  Magnetic  Force,  59. 
Liquids,  Resistance  of,  41. 
Lodestone,  48. 

Magnet,  Artificial,  48. 

Compound,  119. 

Electro,  62. 

Natural,  48. 

Permanent,  48. 

Toles  of,  49. 

Temporary,  49. 

Magnetic,  Attraction,  50. 

Flux,  59. 

Force,  Lines  of,  59. 

Tubes  of,  59. 

Phenomena,  49. 

Repulsion,  50. 

Saturation,  56. 

Magnetism,  48. 

a Phenomenon  of  the  Mole- 
cules, 53. 

Electro,  60. 

Induced,  51. 

Theory  of,  53. 

Ampere's  54. 

Ewing's,  55. 

Hughes's,  55. 

Magneto,  The,  118. 

Commutator,  121. 

Mallet,  Barnes-Skinner  Electric, 
269. 

Bonwill  Electric,  260. 

Custer  Electric,  266. 

Electric,  259. 

Gibbs  Electric,  265. 

Mason  Speed  Regulator,  243. 
Match,  Custer  Electric,  337. 
Electric,  336. 

Material  Used  for  Resistance, 
186. 

Maxwell,  Theory  of,  446. 
Mechanical  Appliances  for  Regu- 
lating Electric  Oven,  303. 
Medinger  Cell,  85. 

Medium  Tubes,  486. 

Metals,  Electro-Chemical  Proper- 
ties of,  362. 

Resistance  of,  36. 


Mercury  Dip,  380. 

Methods  for  Regulating  X-ray 
Tubes,  492. 

Miniature  Lamp,  346. 

Minnetto  Cell,  84. 

Monocyclic  Generators,  153. 

Morton,  Dr.  W.  J.,  430,  439. 

Motor,  214. 

Armature  of,  215. 

Detroit,  218. 

Dynamo,  159. 

Field  of,  215. 

Reversing  Switch  for  Series- 
Wound,  252. 

for  Shunt-Wound,  253. 

Mouth  Lamp,  Bicycle  Lamp  for, 
357. 

Browning  Electric,  353. 

Dangers  of,  on  Commercial 
Current,  357. 

Ritter,  Electric,  350. 

Victor  Electric,  352. 

Werner  Electric,  354. 

White  Electric,  350. 

Multiphase  Currents,  152. 

McGraw,  Theory  of  Cataphoresls, 
395. 

Nature  of  Electricity,  17. 

Nature  of  the  X-ray,  450. 

Natural  Magnet,  48. 

Necessity  for  Insulation  of  Tooth 
in  Cataphoresis,  428. 

Removal  of  Enamel  in  Cata- 
phoresis, 429. 

Negative,  Electrode  in  Catapho- 
resis, 427. 

End  of  Wire,  298. 

Position  of,  in  Cataphoresis, 
409,  423. 

Negative,  Development  of  X-ray, 
502. 

Fixing  of,  502. 

Plates,  74. 

Nipple  Expander,  441. 

Noise,  Absence  of  in  Electrical 
Operations,  11. 

Non-Metallic  Objects,  Plating  of, 
374. 

North  Pole,  51 

O’MEiiA,  291 
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Objection  to  Flame  for  Anneal- 
ing, 275. 

Oelling  & Ileinze  X-ray  Tubes, 
497. 

Oersted,  G2. 

Ohm,  The,  35. 

Ohm's  Law,  30. 

Open-Circuit  Cells,  OS. 

without  Depolarizers,  10G. 
Organ,  Artificial  Electric,  71. 
Osmosis,  Electrical,  39S. 

Oven,  Annealing,  292. 

Custer  Electric,  2S7. 

Electric,  2S3. 

Position  of  Wires  in,  294. 
Wire  for  Electric,  293. 
Over-Compounding,  142. 

Partz,  Acid  Gravity  Cell,  91. 

Motor  Cell,  93. 

Pastry  Thermometer,  30G. 
Peroxide  of  Hydrogen  for  Pleach- 
ing, 439. 

of  Sodium  for  Bleaching, 
439. 

Permanent  Magnet,  4S. 
Phenomena,  Magnetic,  49. 
Phenomenon  of  the  Molecules  in 
Magnetism,  53. 

Thoto  Electricity.  G7. 

Pile,  Voltaic,  71. 
riant,  Independent,  507. 

Plante  Battery,  1G2. 

Plate,  Development  of  X-ray,  502. 

Fixing  of  X-Itay,  502. 

Plate  Holder  for  X-ray  Films, 
4S0. 

Plates,  Arrangement  of  in  Cell, 
165. 

Forming  of,  1G2. 
for  X-ray,  479. 

Negative,  74. 

Positive,  74. 

Plating,  Preparation  for,  373. 
Proper  Connections  for,  374. 
of  Non-Metallic  Objects,  374. 
with  Copper,  382. 

Gold.  375. 

Nickel,  3S9. 

Platinum.  377. 

Silver.  379. 

Platinoid,  187. 

Platinum,  279. 


Platinum—  Continued. 

Carbon  Process  for  Fusing, 
340,  342. 

Electrical  Melting  of,  338. 
for  Electric  Heat,  273. 

Hard',  339. 

Lime  Process  for  Fusing, 
342. 

Soft,  342. 

riunge  Battery,  94. 

Pole  Detector,  171. 
role,  North,  51. 

South,  51. 

Toles,  of  Magnet,  49. 

in  Cataphoresis,  431. 
Polarization,  7G. 

Porcelain,  Affected  by  Gases,  284. 
Fusing,  Difficulty  of  Observ- 
ing, 284. 

Distance  of  Wires  from,  294. 
Power,  214. 

Wire,  153. 

Position  of  Wires  in  Oven,  294. 
Negative  Electrode,  409,  423. 
Tatient  for  X-ray  Exposure, 
481. 

Positive  Electrode,  in  Cataphor- 
esis, 424. 

S.  S.  White,  425. 

Price,  Dr.  W.  A.,  42G,  463,  4S0. 
Pressure,  28. 

of  Edison  Current,  29. 
Uniformity  of  Electric,  9. 
Preparation  of  Acid  for  Storage 
Cells,  167. 

of  Tooth  for  Bleaching.  439. 
Primary  Coil,  45S. 

Wires,  154. 

Production  of  Heat  by  Electricity, 
273. 

Purity  of  Electrical  Heat,  11. 
Tyro  Developer,  503. 

Electricity.  66. 

Pyrozone  for  Bleaching.  439. 

Quantity  of  Current  in  Catapho- 
resis. 40S. 

Queen  & Co.,  Coil,  466. 

X-ray  Tubes,  492. 

Radiograph,  479. 

Definition  of,  496, 
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Reciprocal  Action  of  Electricity, 
Heat,  and  Light,  IS. 
Regulation,  of  Electric  Oven,  Me- 
chanical Appliances  for, 
303. 

of  Gas  Engine,  513. 
Regulator,  Mason  Speed,  243. 
Relative  Conductivity  of  Metals, 
40. 

Reliability  of  Electricity,  12. 
Repair  of  Electric  Oven,  317. 
Repulsion,  Magnetic,  50. 
Requirements  for  Electrolytic 
Medication,  366. 

Resistance  Material,  1S6. 
Resistance,  of  Liquids,  41. 

Copper  Wire,  39. 

Metals,  36. 

Solutions,  20S. 

Wire,  Climax,  1ST. 

Reversing  Switch  for  Series- 
Wound  Motor,  252. 
for  Shunt- Wound  Motor,  253. 
Rheostat,  184. 

Carpenter  Enamel,  192. 
for  Electric  Engine,  231. 
Graphite,  201. 

Ironclad,  194. 

Necessity  for,  with  Electric 
Oven,  301. 

Raster,  19S. 

Ritter  Cataphoric,  418. 
Seif-Operating  Cataphoric, 
415. 

Shunt,  209. 

Slate,  189. 

Universal  Enamel,  195. 
Ward-Lenard,  278. 

Water,  203. 

Will  ms,  202,  410. 

Wirt,  196. 

Rhumkorff  Coil,  Advantages  of  in 
X-ray,  477. 
for  Gas  Engine,  512. 
for  Dentist,  478. 
for  X-Ray,  456. 

Ring  Armature,  129. 

Rings,  146. 

Collecting.  144. 
of  Magneto.  122. 
of  Alternator,  149. 

Ritter  Electric  Engine  for  Alter- 
nating Current,  246. 


Hi  tter  — Continued. 

Engine  for  Direct  Current, 
217. 

Lathe,  248. 

Mouth  Lamp,  350. 

Roentgen,  Prof.  W.  C.,  446. 
Rodinol,  503. 

• for  Dental  Films,  504. 

Root  Canal  Drier,  Electric,  321. 
Werner  Electric,  325. 

S at  tit  at  io  x.  Magnetic,  56. 
Secondary,  Battery,  161. 

Coil,  458. 

Wires,  154. 

Selection  of  a Gas  Engine,  513. 
Self-Operating  Cataphoric  Rheo- 
stat, 415. 

Self-Excited  Dynamo.  152. 
Separately-Excited  Dynamo,  152. 
Series-Wound  Dynamo,  136. 

Shunt  Rheostat,  209. 
Shunt-Wound  Dynamo,  138. 

Silver  Nitrate,  436. 

Pulp  Cauals  Lined  with,  436. 
Silvey  Cell,  179. 

Single  Fluid  Cells,  78. 

Sinusoidal  Current,  24. 

Size  of  Cells,  112. 

Slate  Rheostat.  189. 

Smee  Cell,  106. 

Soft,  Platinum,  342. 

Tube,  486. 

Solenoid,  61. 

Solid  Depolarizer,  99. 

Solution,  for  Developing,  503. 

Glycerine  for  Films,  505. 
Solutions,  Resistance  of,  208. 
Sources  of  Electricity,  66. 

South  Pole,  51. 

Spark  Coil,  512. 

Speed  Regulator,  Mason,  243. 
Sphere  Electric  Engine,  221. 
Spongy  Lead,  164. 

Static  Machine  for  X-ray,  543. 
Step-Down  Transformer,  159. 
Step-Up  Transformer,  159. 
Sterilizer,  Electric,  331. 

Storage  Battery,  161. 

with  Independent  Plant.  517. 
for  Portable  Purposes,  175. 
Storage  Cell,  American,  175. 
Capacity  of,  168. 
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Storage  Cell  —Continued. 

Charging  Current  for,  169. 
Chloride,  177. 

Connections  for  Charging, 
171. 

Electromotive  Force  of,  167. 
Electrolyte  of,  166. 

Silvey,  179. 

Willard,  176. 

Streamings,  Ether,  58. 

Sulphuric  Acid,  Chemically  Pure 
a Non-Conductor,  361. 
Sulphion,  73. 

Sulzer,  70. 

Susceptibility  of  Patients  to  the 
Electric  Current  in  Cata- 
phoresis,  422. 

Switch-Board,  516. 

Synchronous,  152. 

Syringe,  Duplex,  442. 

Warm  Air,  324. 

S.  S.  White  & Co.,  Warm  Air, 
324. 

Table  of  Relative  Resistance  and 
Temperature  Variation  of 
Metals,  188. 

Taggart  Electric  Engine.  239. 
Target  of  X-ray  Tubes,  499. 
Temperature  Variation,  Resist- 
ance of,  37. 

Temporary  Magnet,  49. 

Terms,  Electrical,  25. 

Tesla  Coil,  472,  477. 

Tesla  Transformer,  473. 

The  X-ray,  445. 

Therapeutics,  Electrolysis  in, 
365. 

Thermometer,  Callahan,  306. 
for  Electric  Oven,  306. 
Pastry,  306. 

Thermo  Electricity,  66. 

Thermo  Electric  Co.,  70. 
Thermopile,  The,  67. 

Theory  of  Magnetism,  53. 
Ampere's,  54. 

Ewing's,  55. 

Hughes’s,  55. 

Thompson  Transformer,  476. 
Thorough  Annealing  of  Gold,  281. 
Time,  for  Charging  Storage  Cells, 
171. 


T ime- Continued. 

Length  of,  in  Cataphoresis, 
432,  434. 

Length  of,  in  Bleaching,  443. 
Saved  by  Electric  Oven,  303. 
Topler  Machine,  453. 

Transformer,  154. 

Tesla,  473. 

Thomson,  476. 

Step-Down,  159. 

Step- Up,  159. 

Trays  for  Developing  and  Fixing 
Plates.  502. 

Triphase  Generators,  153. 

Tubes,  Alternating  Current  for 
X-ray.  499. 

Blackening  of  X-ray,  499. 
Connections  for  X-ray,  499. 
Condition  of,  483. 

Crooks,  448. 

General  Electric  Co.,  495. 
Geissler.  447. 
of  Magnetic  Force,  59. 

Hard,  4S6. 

Medium,  4S6. 

Queen  & Co.  X-ray,  492. 

Soft,  486. 

Target  of  X-ray,  499. 

Turn,  Ampere,  65. 

Two-Pole  Dynamo,  127. 

Uncertainties  of  Fusing  Contin- 
uous Gum,  284. 

Uniphase  Currents.  152. 

Universal  Enamel  Rheostat.  195. 
Uses  for  Independent  riant.  507. 

Vacuum,  Condition  of.  4S4. 
of  X-ray  Tube.  4S3. 
Regulators.  X-ray  Tubes 
with.  490. 

Variation  of.  in  X-ray  Tubes. 
486. 

Van  Wort.  Dr.,  4S0. 

Varieties  of  Electric  Current.  20. 
Varieties  of  X-ray  Tubes.  490. 
Vibrator  for  Induction  Coil,  401. 
Victor  Air  Compressor.  256. 
Electric  Lathe.  250. 

Electric  Mouth  Lamp.  352. 
Head  Lamp,  34S. 

Vital  Electricity,  67. 

Volt.  28. 
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Volt-Meter,  Weston,  423. 

Volta,  71. 

Voltage  in  Cataplioresis,  442. 

in  Electroplating,  369. 

Voltaic,  Cell,  71. 

Electricity,  66. 

Tile,'  71. 

Vole  Cell,  71. 

Walls,  Complete  Covering  with 
Wires  in  Electric  Oven, 
295. 

Ward-Lenard  Rheostat,  27S. 
Warm-Air,  Appliance,  Electro- 
Dental,  329. 

Syringe,  324. 

S.  S.  White,  324. 

Warm  Water,  334. 

Appliance,  Custer,  335. 
Electro-Dental  Co.,  335. 
Wassail,  Dr.  J.  W.,  IIot-Air  Ap- 
pliance, 325. 

Water  Power  Compared  with 
Electricity,  13. 

Water  Rheostat,  203. 

Watt,  The,  42. 

Watt -Meter  for  Electric  Oven, 
305. 

Weber,  The,  62. 

Wehnelt,  Dr.,  463. 

Interrupter,  463. 

Werner,  Mr.  E.  E.,  325,  354. 
Weston,  Ammeter,  419. 

Volt-Meter,  423. 

Wheeler,  Dental  Engine,  220,  221. 
Fractional  Volt  Selector, 
397. 

White,  S.  S.  & Co.,  Cataphoric 
Outfit,  416. 

Dental  Engine,  225,  235. 
Electric  Lathe,  246. 

Mouth  Lamp,  350. 

Positive  Electrode,  425. 
Willard  Storage  Cell,  176. 

Willms  Current  Controller,  202. 
Willms  Rheostat,  406. 

Wimshurst  Machine,  454. 
Winding  of  the  Dynamo,  136. 
Wire,  for  Electric  Oven.  293. 
Negative  End  of,  298. 


W i re —Continued. 

Positive  End  of,  298. 

Power,  153. 

Wires,  Arrangement  of  for  Even 
Ileat,  296. 

Comxjlete  Covering  of  Walls 
with,  295. 

Distance  from  Porcelain, 
294. 

for  Electric  Oven,  Position 
of,  294. 

Wires,  Primary,  155. 

Secondary,  155. 

Wiring  No.  2,  Custer  Oven,  Plan 
of,  319. 

Wirt  Rheostat,  196. 

X-kay,  The,  445. 

and  Lenard  Ray,  452. 
Appliances  for,  446. 

Burns,  4S1.  500. 

Burns,  Preventives  for,  500. 
Exposure,  Position  of  Pa- 
tient for,  481. 

Films,  Plate  Holder  for,  480. 
General  Electric  Co.  Outfit, 
472. 

Induction  Coil  for,  456. 
Nature  of,  450. 

Plates  for,  479. 

RhumkorfE  Coil  for,  456.. 
Static  Machines,  for,  453'. 
Plate,  Development  of,  502. 
Tube,  Alternating  Current 
for,  499. 

Tube,  Condition  of,  484. 
Connections  for,  499. 
Methods  of  Regulating, 
492. 

Oelling  & Ileinze,  497. 
Queen  & Co.,  492. 

Target  of,  497. 

Vacuum  of,  486. 

Vacuum  Regulators,  490. 
Variation  of  Vacuum  in, 
484. 

Varieties  of,  490, 

Yoke,  04. 

Zinc  Electrodes.  424. 
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